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the  Kaman  Aerospace  Corporation  improved  main  rotor  blade  (K-747) 
installed  on  a  YAH-1R  helicopter.  The  Bell  Helicopter  Textron 
YAH-1R  was  tested  from  25  February  through  10  June  1977  at  three 
sites  in  California:  Edwards  Air  Force  Base  (2302-foot  elevation). 


DD  I  JAN^TJ  1473  EDITION  OF  1  NOV  »S  IS  OBSOLETE  UNCLASSIFIED 

S E CURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Dp to  Bntorod) 


7.  Author(s) 

RAYMOND  B.  SMITH 
CW  4  JOHN  S.  TULLOCH 
20.  Abstract 


Bishop  (4120-foot  elevation),  and  Coyote  Flats  (9980-foot  eleva¬ 
tion).  A  total  of  82.9  test  flight  hours  were  flown  of  which 
44.7  hours  were  productive.  Bell  B-540  and  Kaman  K-747  rotor 
blades  were  evaluated  for  performance,  limited  stability  and  con¬ 
trol  characteristics,  and  miscellaneous  engineering  items.  The 
results  of  the  B-540  blade  tests  were  used  as  a  base  line  for 
comparison  with  the  K-747  test  results.  The  YAH-1R  helicopter 
with  K-747  blade  installed  exhibited  performance  improvements  in 
hover,  climb,  and  portions  of  the  level  flight  envelope.  (^Maximum 
gross  weight  for  out-of-ground  effect  hover  on  a  4000-foot, 
day  was  improved  by  3.5  percent,  but  failed  to  meet  the  desired 
6  percent  of  the  Request  for  Proposal  or  the  specified  8.7  percent 
improvement  of  the  Detail  Specification.  The  change  in  level 
flight  performance  of  the  YAH-1R  caused  by  the  installation  of 
K-747  blades  varied  with  thrust  coefficient  and  airspeed.  Limited 
handling  qualities  tests  showed  no  change  in  flight  characteris¬ 
tics  between  blades;  therefore,  a  separate  pilot  standardization 
program  for  the  AH-1  series  with  the  K-747  blade  installed  is 
not  considered  necessary.  The  dual  hydraulic  system  failure 
characteristics  with  the  K-747  blades  were  significantly  degraded 
and  current  handbook  procedures  for  safely  landing  the  YAH-1R 
with  dual  hydraulic  system  failure  will  have  to  be  revised.  Vi¬ 
bration  levels  in  the  YAH-1R  were  essentially  unchanged  with  the 
K-747  rotor  blade.  During  the  flight  test  program,  several 
cracks  in  the  blades  and  blade-to-hub  attachment  occurred  and 
adequate  published  criteria  to  determine  the  severity  of  these 
cracks  did  not  exist.  The  ease  of  repair  of  the  K-747  blade  and 
the  minimal  down  time  required  to  effect  such  repairs  was  an  en¬ 
hancing  feature.  No  deficiencies  or  shortcomings  were  identified. 
The  inability  to  store  or  ship  the  B-540  blade  in  the  K-747  con¬ 
tainers  is  undesirable. 
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Evaluation  Improved  Main  Rotor  Blades  Installed  on  a  YAH-1R 
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SEE  DISTRIBUTION 


1.  The  purpose  of  this  letter  is  to  present  the  Directorate  for 
Development  and  Engineering  position  on  the  subject  report. 

2.  Specific  comments  by  paragraph  are: 

a.  Abstract,  last  sentence  -  This  sentence  should  state  that  there 
is  no  requirement  to  store  or  ship  the  B  540  blade  in  the  K-747 
container. 

b.  Paragraph  5  -  While  this  paragraph  states  that  "Only  the  hover 
performance  design  requirement  of  paragraph  3. 2. 2. 2. 2. d  of  the  IMRB 
detail  specification  (reference  11)  was  checked",  in  fact  the  performance 
of  the  IMRB  in  all  flight  regimes  was  evaluated. 

c.  Paragraph  42  -  Instructions  on  page  26  which  cover  dual  hydraulic 
system  failure  with  the  K-747  IMRB  should  state  under  WARNING  that 
"cyclic  feedback  forces  become  uncontrollable  below  50  KIAS"  not  40  KIAS 
as  listed. 

d.  Paragraph  47  -  Should  be  deleted  since  there  is  no  requirement 
to  store  or  ship  the  B540  blade  in  the  K-747  container. 

e.  Paragraph  54  -  Concur  with  the  general  conclusions  contained 
in  this  paragraph. 

f.  Paragraph  55  -  Concur  with  the  specific  conclusions  listed  in 
this  paragraph  except  for  sub-paragraph  55g.  No  requirement  exists  to 
store  or  ship  the  B540  blade  in  the  K-747  container. 

g.  Paragraph  56  -  No  further  testing  should  be  required.  Quanti¬ 
tative  methods  can  be  used  to  define  the  autorotational  descent  per¬ 
formance  of  the  AH-1S  with  K-747  rotor  blades. 
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h.  Paragraph  57  -  Separate  emergency  procedures  for  Hydraulic 
Systems  Failures  (K-747  Rotor)  will  be  Incorporated  when  further  testing 
Is  completed.  * 

I.  Paragraph  58,  59  and  60  -  Action  has  been  taken  to  Incorporate 
the  Intent  of  these  recommendations. 

J.  Appendix  E,  Figure  32  -  Maximum  Continuous  Power  (MCP)  limit 
should  read  "Maximum  Torque  Limit  above  100  KIAS."  The  line  for  Takeoff 
Power  Limit  should  be  deleted. 
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INTRODUCTION 


BACKGROUND 

1.  The  United  States  Army  Aviation  Systems  Command  (AVSCOM)* 
awarded  a  development  contract  to  Kaman  Aerospace  Corporation 
(KAC)  in  May  1975  to  design,  fabricate,  and  test  an  improved  main 
rotor  blade  (IMRB)  for  the  AH-1  series  helicopter.  The  design 
objectives  of  the  program  were  to  provide  improved  hover  perfor¬ 
mance,  reduce  ballistic  vulnerability,  and  improve  reliability 
and  maintainability.  The  IMRB  design  includes  the  use  of  an 
advanced  design  airfoil,  a  tapered  tip  planform,  composite: 
material  construction,  and  a  multicell  ballistically  tolerant 
spar.  An  Army  Preliminary  Evaluation  (APE)  of  the  IMRB  was 
completed  at  the  KAC  plant  facility  in  Bloomfield,  Connecticut, 
by  the  United  States  Army  Aviation  Engineering  Flight  Activity 
(USAAEFA)  in  November  1976  (ref  1,  app  A).  AVSCOM  directed 
USAAEFA  to  conduct  an  Airworthiness  and  Flight  Characteristics 
(A&FC)  evaluation  of  the  YAH-1R  helicopter  with  IMRB  installed 
(refs  2  and  3).  In  February  1977  USAAEFA  published  the  test  plan 
for  the  A&FC  (ref  4). 


TEST  OBJECTIVES 

2.  The  objectives  of  the  A&FC  of  the  YAH-1R  with  IMRB  installed 
were  as  follows: 

a.  Determine  the  airworthiness  and  flight  characteristics 
of  the  YAH-1R  with  IMRB  installed. 

b.  Determine  compliance  with  the  requirements  of  the 
detail  specification  (ref  5,  app  A). 

c.  Obtain  data  for  use  in  the  AH-1S  operator's  manual 
(ref  6) 

d.  Determine  the  handling  qualities  differences  between 

the  IMRB  (K-747)  and  the  standard  Bell  540  rotor  (B-540)  following 
a  dual  hydraulic  failure. 

e.  Identify  any  deficiencies  and  shortcomings. 

*Since  redesignated  the  United  States  Army  Aviation  Research 
and  Development  Command  (AVRAOCOM). 
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DESCRIPTION 


3.  The  YAH-1R  helicopter  is  a  modified  version  of  the  AH-1G 
helicopter  and  is  manufactured  by  Bell  Helicopter  Textron  (BHT). 
The  YAH-1R  is  a  tandem  two-seat  single-lifting-rotor  attack 
helicopter.  AH- 1 S  wings  were  installed  for  this  evaluation  to 
accommodate  the  TOW  pods.  The  appearance  and  overall  dimensions 
of  the  YAH-1R  are  the  same  as  the  AH-1G  except  for  those  dimen¬ 
sions  pertaining  to  the  Model  212  tail  rotor  and  the  internal 
construction  and  location  of  jack  points  of  the  wings.  A  de¬ 
tailed  description  of  the  AH-1G  helicopter  is  contained  in  the 
AH-1G  operator's  manual  (ref  7,  app  A)  and  the  S  model  armament 
systems  in  the  AH-1S  operator's  manual.  A  detailed  description 
of  the  Model  212  tail  rotor  is  contained  in  USAASTA  Final  Report 
No.  72-30  (ref  8)  The  Model  212  tail  rotor  used  in  the  YAH-1R 
differed  from  that  described  in  reference  8  only  in  the  rigging 
of  the  maximum  tail  rotor  blade  pitch  angle.  The  maximum  blade 
pitch  angle  was  larger  (19.9  degrees)  in  the  YAH-1R  because  of 
the  uprated  tail  rotor  drive  train.  The  aircraft  empty  weight 
was  increased  approximately  61  pounds,  and  the  maximum  allowable 
gross  weight  was  increased  from  9500  to  10,000  pounds.  Internal 
modifications  applied  to  the  AH-1G  airframe  to  develop  the  YAH-1R 
include  the  following: 

a.  Installation  of  a  T53-L-703  engine  with  a  thermodynamic 
rating  of  1800  shaft  horsepower  {shp)  and  an  engine  torque  limit 
of  1175  foot-pounds  (ft-lb)  (1500  shp). 

b.  Installation  of  a  modified  AH- 1 J  transmission  rated  at 
1290  shp  for  30  minutes  and  1134  shp  continuous  operation. 

c.  Installation  of  a  modified  AH-1J  tail  rotor  drive 
system  allowing  187  shp  continuous  and  a  transient  power  limit  of 
260  shp  for  4  seconds. 

d.  Strengthened  transmission  mounts  and  associated  struc¬ 
tures,  and  tail  boom. 

e.  Installation  of  push-pull  tubes  replacing  cables  in  the 
tail  rotor  control  system. 

4.  The  IMRB  incorporates  an  advanced  design  airfoil,  a  tapered 
tip  planform,  composite  material  construction,  and  a  multicell 
ballistically  tolerant  spar.  The  blades  are  designed  to  be  in¬ 
dividually  interchangeable  and  when  used  as  a  set,  are  inter¬ 
changeable  with  the  standard  AH- 1  main  rotor  blades  without 


\ 
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modification  other  than  pitch  link  adjustment.  A  more  detailed 
description  of  the  test  aircraft  (SN  70-15936)  and  the  IMRB, 
including  photos,  is  provided  in  appendix  B. 


TEST  SCOPE 

5.  The  limited  A&FC  evaluation  of  the  IMRB  was  conducted  at 
Edwards  Air  Force  Base  (2302-foot  elevation).  Bishop  (4120-foot 
elevation),  and  Coyote  Flats  (9980-foot  elevation),  California, 
from  25  February  through  10  June  1977.  A  total  of  77  test 
flights  (44.7  productive  hours)  were  accomplished  at  the  test 
conditions  and  configurations  shown  in  table  1.  One  YAH-1R  test 
helicopter  (SN  70-15936)  was  used  throughout  the  A&FC  evaluation. 
Flight  limitations  contained  in  the  safety-of-f light  release 

(ref  9,  app  A),  and  the  operator's  manual  were  observed  during  the 
evaluation.  Handling  qualities  and  vibration  levels  were  evalu¬ 
ated  with  respect  to  the  applicable  requirements  of  military 
specification  MIL-H-8501A  (ref  10).  Only  the  hover  performance 
design  requirement  of  paragraph  3.2.1.1.1.d.  of  the  IMRB  detail 
specification  (ref  11)  was  checked  to  determine  if  it  met  the 
required  improvements.  The  lack  of  YAH-1R  base-line  performance 
data  necessitated  testing  both  the  B-540  and  the  K-747  blades  to 
obtain  a  performance  increment  attributable  to  the  K-747  blade. 

6.  By  verbal  and  written  amendment  (ref  3,  app  A),  the  scope  of 
the  tests  was  substantially  altered,  deleting  several  tests  and 
greatly  expanding  the  hover  performance  tests.  The  number  of 
blade  sets  was  expanded  from  two  to  five,  as  shown  in  table  2,  to 
test  for  performance  differences  caused  by  variations  in  blade 
surface  condition. 


TEST  METHODOLOGY 

7.  Test  methods  and  data  reduction  procedures  used  in  these 
tests  were  standard  engineering  flight  test  techniques  (refs  12 
through  15,  app  A)  and  are  described  briefly  in  appendix  D.  A 
Handling  Qualities  Rating  Scale  (HQRS)  (app  D)  was  used  to  aug¬ 
ment  pilot  comments.  Flight  test  data  were  obtained  from  test 
instrumentation  displayed  on  the  pilot  and  copilot  panels  and 
recorded  on  magnetic  tape.  A  data  acquisition/computer  van 
incorporat  :  an  EMR  6135  computer  was  used  for  real  time  tele¬ 
metry  monit  'ing  of  selected  critical  data  parameters  during 
certain  tests  and  for  data  processing  at  the  high-altitude  test 
site.  A  detailed  listing  of  the  test  instrumentation  is  con¬ 
tained  in  appendix  C. 
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Table  2.  Main  Rotor  Blade  Configuration. 


Blade 

Set1 

Serial  No. 

Surface 

Condition 

Flight 

Hours2 

Performance 

Tests 

Test  Site 
Elevation 
(ft) 

K-747 

1005  &  1009 

Smooth 

1 24 3  & 
104 

Hover 

2302,  4168 
9980 

Level 

flight 

2302 

Climb 

4168 

Autorotational 

descent 

4168 

K-747 

1013  &  1014 

Smooth  with 
repair  patches 

97 

Hover 

4168,  9980 

K-747 

1025  &  1026 

Rough  -  able  to 
feel  basket 

6 

Hover 

2302 

Level 

flight 

B-540 

A2-08063 

& 

A2-081 09 

Minor  erosion 
at  leading 
edge 

115 

Hover 

2302 

Level 

flight 

Climb 

B-540 

A2-6500 

& 

A2-6502 

Significant 
erosion  at 
leading  edge, 
dents  at  top  & 
botton 

360 

Hover 

4168,  9980 

JK— 747 :  Prototype  blades  manufactured  by  Kaman  Aerospace  Corporation. 

B-540:  Production  blades  manufactured  by  Bell  Helicopter  Company,  Textron. 
2Flight  hours  at  time  of  first  test  installation. 

3Blade  1005  -  124  hours,  Blade  1009  -  104  hours. 


RESULTS  AND  DISCUSSION 


GENERAL 

8.  The  performance  of  the  YAH-1R  with  K-747  blade  installed  was 
slightly  altered  and  handling  qualities  for  normal  operations 
were  unchanged.  Based  on  these  tests,  it  was  determined  that  a 
separate  pilot  standardization  program  for  the  AH- 1  series  heli¬ 
copter  with  K-747  blade  installed  would  lot  be  necessary.  How¬ 
ever,  a  separate  section  on  dual  hydraulic  system  failure  emer¬ 
gency  procedures  should  be  included  in  the  operator's  manual  be¬ 
cause  of  degraded  handling  qualities  due  to  the  installation  of 
the  K-747  blade. 


PERFORMANCE 


General 


9.  YAH-1R  performance  was  evaluated  at  the  conditions  shown  in 
table  1.  Five  sets  of  blades,  two  BHT  B-540  and  three  KAC  K-747, 
were  utilized  during  the  hover  performance  evaluation.  The  per¬ 
formance  of  the  YAH-1R  was  improved  with  installation  of  the 
K-747  blade,  but  hover  performance  failed  to  meet  the  desired 
6  percent  improvement  of  the  Request  for  Proposal  (RFP)  (ref  16, 
app  A)  or  the  8.7  percent  improvement  of  the  detail  specification. 

Hover  Performance 


10.  Hover  performance  tests  were  conducted  to  determine  power 
required  at  the  conditions  presented  in  table  1.  The  free  flight 
hover  method  (app  D)  was  used  at  skid  heights  of  5  and  100  feet. 
The  tests  were  conducted  with  five  different  sets  of  rotor  blades 
(three  sets  of  K-747  and  two  sets  of  B-540)  at  three  different 
test  sites.  A  comparison  of  the  surface  condition  of  the  various 
rotor  blades  is  presented  in  table  2.  A  comparison  of  the  hover 
capability  of  the  K-747  and  B-540  blades  is  presented  in  figures 

1  and  2,  appendix  E.  Summaries  of  hover  capability  of  each  set 
of  blades  are  presented  nondimensionally  in  figures  3  through  8. 

11.  Hover  performance  of  the  K-747  blade  was  better  than  the 
B-540  blade  at  all  thrust  coefficients  (Cj)  tested.  The  maximum 
gross  weight  at  which  the  aircraft  could  hover  out  of  ground 
effect  (OGE)  (at  4000  feet,  35°C,  takeoff  power)  varied  depending 
on  blade  condition  of  the  K-747  blade.  The  maximum  gross  weight 


was  independent  of  blade  surface  condition  for  the  two  sets  of 
8-540  blades.  Table  3  summarizes  the  hover  capability  of  the 
YAH-1R  equipped  with  the  various  blade  sets  at  the  design  require¬ 
ment  conditions.  As  shown  in  table  3,  the  maximum  OGE  hover 
gross  weight  varied  from  9205  to  9390  pounds  for  the  K-747  blade 
and  was  9070  pounds  for  the  B-540  blade.  This  represents  an 
increase  of  from  135  to  320  pounds  of  gross  weight  with  the  K-747 
blade.  This  gross  weight  increase  represents  an  improvement  of 
between  1.5  and  3.5  percent  over  the  B-540  blade.  The  K-747  IMRB 
hover  performance  was  improved  over  that  of  the  B-540  but  failed 
to  meet  the  desired  6  percent  increase  in  OGE  hover  gross  weight 
of  the  RFP  or  the  specified  8.7  percent  improvement  of  the  detail 
specification. 


Table  3.  OGE  Hover  Performance.1 


Rotor  Blade 

Maximum  OGE  Hover 

Type  of  Blade 

Serial  No. 

Surface 

Condition 

Gross  Weight 
(lb) 

A2-08062 

& 

A2-08109 

Minor  erosion 
at  leading  edge 

9070 

B-540 

A2-6500 

Significant  erosion 

& 

A2-6502 

at  leading  edge, 
dents  at  top  & 
bottom 

9070 

1005  &  1009 

Smooth 

9390 

K-747 

1013  &  1014 

Smooth  with 
repair  patches 

Rough  '-  able 

9205 

1025  &  1026 

to  feel  basket 

weave 

9327 

^000  -  foot  pressure  altitude,  35°C  day,  take  off  power  (1185  shp) . 
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12.  Tail  rotor  data  were  obtained  in  conjunction  with  hover 
performance.  The  results  of  these  tests  are  presented  in  figures 
9  through  12,  appendix  E. 

Climb  Performance 

13.  Tests  were  conducted  using  the  sawtooth  climb  test  method 
(outlined  in  app  0)  to  determine  the  climb  performance  of  the 
YAH-1R  equipped  with  B-540  rotor  blade  and  the  K-747  rotor  blade. 
The  tests  were  conducted  with  the  aircraft  in  the  8-TOW  configu¬ 
ration  at  the  conditions  listed  in  table  1.  Correction  factors 
for  variations  in  power  (Kp)  and  gross  weight  (Kyj)  were  also 
determined.  Climb  performance  of  the  YAH-1R  was  improved  with 
installation  of  the  K-747  blade.  Summaries  of  climb  performance 
for  both  blade  sets  at  standard  day  and  35°C  conditions  are 
presented  in  figures  13  and  14,  appendix  E. 

14.  Above  10,000  feet  pressure  altitude  and  at  all  gross  weights, 
the  K-747  blade  improved  the  climb  performance  of  the  YAH-1R.  At 
lower  altitudes,  the  rates  of  climb  of  the  aircraft  with  K-747 
blade  were  generally  equal  or  better  than  with  the  B-540  blade. 

At  the  specific  conditions  of  10,000  pounds  gross  weight,  4000 
feet  pressure  altitude,  and  35°C  (95°F)  day,  the  aircraft's 
maximum  rate  of  climb  was  1280  feet  per  minute  (ft/min)  with  the 
B-540  blade  and  1425  ft/min  with  the  K-747  blade.  This  repre¬ 
sents  an  increase  in  climb  capability  of  145  ft/min  (11  percent) 
with  the  K-747  blade  installed. 


15.  The  generalized  climb  and  descent  performance  data  are 
presented  in  figures  15  and  16,  appendix  E,  and  dimensional 
forward  flight  climb  performance  for  the  two  rotor  configurations 
is  shown  in  figures  17  and  18.  Kp  values  of  .822  for  the  B-540 
blade  and  .800  for  the  K-747  blade  were  determined  from  the 
generalized  climb  performance  data  using  the  analysis  method 
presented  in  appendix  D.  Nondimensional  rate  of  climb  (yv)  as  a 
function  of  CT  is  presented  in  figure  19  and  shows  that  Kw  was 
identical  for  both  rotor  configurations. 

Level  Flight  Performance 

16.  Level  flight  performance  tests  were  conducted  to  determine 
power  required  and  fuel  flow  as  functions  of  airspeed.  In  addi¬ 
tion,  specific  range,  recommended  airspeed  for  long  range  cruise 
(Vgruise)«  airspeed  Tor  maximum  endurance  at  minimum  power  re¬ 
quired  for  level  flight  (Vmax  end)»  and  maximum  airspeed  for 
level  flight  at  maximum  power  allowable  (Vh)  were  determined. 


JvttJ  were'  v'C>Cii  l  iic'u  its  -.CaOiliiC.t  level  i"  I  (jfiC  \4  c  .•  iUsjllj')  ji 

incremental  airspeeds  from  30  knots  calibrated  airspeed  (KCAS)  to 
Vh  using  the  methods  described  in  appendix  D.  Flight  tests  were 
conducted  with  the  aircraft  in  the  clean  and  8-TOW  configurations 
with  B-540  and  K-747  blades.  Average  test  conditions  for  level 
flight  performance  are  shown  in  table  1. 

17.  Nondimensional  level  flight  performance  summaries  are  pre¬ 
sented  for  both  the  B-540  and  K-747  blades  in  figures  20  through 
24,  appendix  E.  Figures  25  through  42  are  dimensional  plots  of 
the  individual  level  flight  performance  tests  accomplished. 
Aircraft  specific  range,  Vmax  end.  Vcruise.  and  Vh  in  level 
flight  for  the  8-T0W  configuration  are  summarized  in  figures  43 
through  46. 

18.  The  change  in  level  flight  performance  of  the  YAH-1R  caused 
by  the  installation  of  the  K-747  blade  varied  with  Ct  and  air¬ 
speed.  Figure  A  summarizes  this  variation.  For  airspeed  and 

Cj  combinations  above  the  curve,  performance  was  improved  by  the 
K-747  blade.  For  airspeed  and  Cj  values  below  the  curve  (hatched 
area),  the  B-540  blade  provided  slightly  better  level  flight 
performance.  The  magnitude  of  performance  improvement  or  degra¬ 
dation  caused  by  the  K-747  blade  cannot  be  determined  from  this 
figure.  No  data  were  obtained  between  hover  and  40  knots  true 
airspeed  (KTAS)  but  the  hover  data  indicated  that  the  K-747  blade 
improved  YAH-1R  performance  at  all  Cy  values  (para  11). 

19.  Figure  B  shows  a  level  flight  performance  comparison  at  the 
specific  conditions  of  10,000  pounds  gross  weight,  4000  feet 
pressure  altitude,  and  35°C  (95°F).  This  figure,  which  repre¬ 
sents  a  heavily  loaded  condition  (Ct  =  0.00615),  shows  an  in¬ 
crease  in  Vh  of  approximately  8  KTAS  and  indicates  improved 
endurance  for  the  K-747  blade.  At  airspeeds  between  40  and  57 
KTAS,  however,  the  B-540  blade  provided  better  performance.  The 
results  are  summarized  in  table  4.  Figure  C  shows  a  level  flight 
performance  comparison  at  a  comparatively  lightly  loaded  condi¬ 
tion  (8700  pounds  gross  weight,  5000  feet  pressure  altitude, 
standard  day,  Cj  =  0.00501).  This  figure  indicates  slightly 
degraded  performance  with  the  K-747  blade  throughout  the  airspeed 
range  shown.  (The  K-747  blade  showed  improved  hover  performance 
at  all  weights  tested.) 

20.  The  change  in  equivalent  flat  plate  area  (Afe)  between  the 
clean  and  8-T0W„external  stores  configurations  was  a  constant  5.1 
square  feet  (ft*)  at  all  conditions  tested  with  either  set  of_ 
blades  installed.  This  is  different  from  the  value  of  6.5  ft* 
published  in  the  operator's  manual.  Although  higher  level  flight 
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airspeeds  could  be  obtained  with  the  K-747  blade  installed,  test 
results  indicate  that  the  V„  is  always  less  than  the  never-exceed 
airspeed  (VNE). 

Autorotational  Descent  Performance 

21.  Autorotational  descent  performance  tests  of  the  YAH-1R  with 
K-747  rotor  blade  installed  were  conducted  in  the  8-TOW  configura¬ 
tion  at  the  conditions  shown  in  table  1.  The  results  of  these 
tests  are  presented  in  figure  47,  appendix  E. 

22.  The  minimum  rate  of  descent  was  1905  ft/mi n  at  70  KCAS. 
Airspeed  for  maximum  glide  distance  was  98  KCAS,  which  resulted 
in  a  2240-ft/min  rate  of  descent  and  a  glide  ratio  of  4.7:1.  Due 
to  differences  in  the  external  configuration  of  the  YAH-1R  and 
the  AH-1S  aircraft,  valid  AH-1S  autorotational  performance  cannot 
be  implied  from  these  tests.  It  is  recommended  that  further 
autorotational  descent  performance  testing  be  conducted  on  the 
AH-1S  using  the  K-747  rotor  blade  to  obtain  data  for  the  AH-1S 
operator's  manual. 


HANDLING  QUALITIES 
General 


23.  The  handling  qualities  of  the  YAH-1R  with  IMRB  installed 
were  not  changed  from  those  previously  reported  on  the  AH- 1 
series  aircraft  with  the  B-540  blade  installed,  except  during 
dual  boost  failed  mode  operation.  With  both  hydraulic  boost 
systems  failed,  handling  qualities  with  the  K-747  blade  installed 
were  sufficiently  changed  from  those  exhibited  with  the  B-540 
installed  that  a  change  to  the  operator's  manual  emergency  pro¬ 
cedures  is  required. 

Control  Positions  in  Trimmed  Forward  Flight 

24.  Control  positions  in  trimmed  forward  flight  were  evaluated 
from  30  to  140  KCAS  with  the  stability  and  control  augmentation 
system  (SCAS)  ON,  in  both  the  clean  and  8-TOW  configurations  at 
the  conditions  listed  in  table  1.  Test  results  are  presented  in 
figures  48  through  51,  appendix  E. 

25.  The  longitudinal  control  positions  in  trimmed  forward  flight 
showed  no  significant  change  due  to  the  blade  change  and  are 
satisfactory. 


14 


26.  The  maximum  lateral  and  directional  control  position  changes 
were  less  than  1  inch  throughout  the  airspeed  range  tested.  The 
migrations  were  gradual  and  not  discernible  to  the  pilot  through¬ 
out  the  airspeed  envelope  tested.  Lateral  and  directional  control 
position  characteristics  were  independent  of  blade  type  installed, 
and  are  satisfactory. 

Maneuvering  Stability 

27.  Maneuvering  stability  characteristics  were  evaluated  at  the 
conditions  shown  in  table  1.  Trim  condition  was  120  KCAS,  power 
for  level  flight,  and  zero  sideslip.  The  variation  of  longitudi¬ 
nal  and  lateral  cyclic  and  pedal  control  positions  with  normal 
acceleration  was  determined  with  the  aircraft  stabilized  in 
constant-airspeed  turns  at  incremental  bank  angles  both  to  the 
left  and  right.  The  collective  control  remained  fixed  during  the 
maneuver;  power  and  rotor  speed  varied  as  a  function  of  load 
factor  during  the  turn.  Symmetrical  pull-ups  and  pushovers  were 
also  conducted  to  the  limit  normal  acceleration.  The  quantita¬ 
tive  results  of  maneuvering  stability  are  presented  in  figure  52, 
appendix  E. 

28.  Stick-fixed  and  stick-free  maneuvering  stability  was  posi¬ 
tive  at  load  factors  less  than  1.52  (4  in./g  and  7.4  lb/g,  re¬ 
spectively).  At  load  factors  greater  than  1.52  stability  was 
neutral  because  the  longitudinal  SCAS  reached  the  limit  of  its 
travel  (see  ref  17,  app  A,  for  further  explanation).  Control  of 
airspeed  and  load  factor  was  adequate  to  accomplish  required 
mission  maneuvers. 

29.  As  load  factor  was  increased  during  maneuvering  flight  the 
2-per-rotor-revolution  (2/rev)  vertical  vibration  increased. 

Cyclic  feedback  was  encountered  at  1.8g.  Engine  overspeed  limits 
precluded  stabilized  normal  load  factors  higher  than  2.0.  No 
significant  differences  from  those  results  reported  in  references 
8  and  18,  appendix  A,  were  noted  during  maneuvering  stability 
testing. 


AIRCRAFT  SYSTEMS  FAILURES 


Simulated  Sudden  Engine  Failures 

30.  The  response  of  the  test  helicopter  to  simulated  sudden 
engine  failures  was  evaluated  at  the  conditions  listed  in  table  1 
with  SCAS  ON.  Engine  failure  was  simulated  by  rapidly  rolling 
the  throttle  to  the  flight-idle  position.  All  flight  controls 
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were  held  fixed  following  the  simulated  power  loss  until  the 
rotor  speed  audio  warning  was  heard  in  the  pilot's  headset. 
Collective  pitch  control  was  then  lowered  and  aircraft  attitude 
adjusted  to  stabilized  autorotational  descent  at  or  near  70  KCAS, 
the  airspeed  for  minimum  rate  of  descent  (Vmin  R/D).  Representa¬ 
tive  time  histories  are  presented  in  figures  53  and  54,  appendix 
E. 

31.  In  level  flight  the  primary  cue  to  loss  of  power  at  Vh  (130 
KCAS)  (fig.  53,  app  E)  was  a  left  yaw  acceleration  followed 
immediately  by  a  left  roll  acceleration  of  lesser  magnitude. 
Maximum  yaw  rate  (10  deg/sec)  and  maximum  roll  rate  (14  deg/sec) 
occurred  0.6  second  and  1.4  second,  respectively,  after  rolling 
the  throttle  to  the  flight-idle  position.  Pitch  rate  was  less 
than  3  deg/sec  following  the  simulated  sudden  engine  failure. 

32.  Collective  delay  time  at  was  approximately  1.3  seconds 
and  rotor  speed  decay  rate  during  the  time  the  collective  was 
held  fixed  was  approximately  25  rpm/sec.  Minimum  transient  rotor 
speed  was  258  rpm  and  occurred  approximately  2.4  seconds  after 
recovery  was  initiated.  Minimum  allowable  rotor  speed  for  con¬ 
tinuous  operation  (295  rpm)  was  regained  approximately  7.8  seconds 
after  recovery  was  initiated.  Rotor  speed  recovery  rate  from 
minimum  transient  rotor  speed  to  minimum  allowable  rotor  speed 
was  approximately  10  rpm/sec.  Analysis  of  the  data  from  the 
level  flight  buildup  to  Vh  showed  small  pitch  trim  changes 
throughout  the  range  of  airspeed  tested;  a  yaw  rate  of  approxi¬ 
mately  10  deg/sec  at  all  airspeeds  between  80  KCAS  and  Vh;  and  a 
gradual  increase  in  roll  rate  from  4  deg/sec  at  70  KCAS  to  14 
deg/sec  at  Vh-  Trends  in  roll  rate  indicated  that  roll  response 
to  sudden  engine  failure  became  more  severe  with  increasing 
airspeed;  however,  the  roll  rates  were  not  as  severe  for  similar 
conditions  as  those  reported  in  USAAEFA  Final  Report  No.  74-33 
(ref  18,  app  A).  Aircraft  response  to  simulated  sudden  engine 
failure  at  Vu  was  less  severe  than  the  aircraft  response  previ¬ 
ously  noted  during  AH- 1  series  aircraft  evaluations,  and  is 
satisfactory. 

33.  In  a  maximum  power  climb  the  primary  cue  to  loss  of  power  at 
73  KCAS  (fig.  54,  app  E)  was  a  left  yaw  acceleration  followed 
immediately  by  a  left  roll  acceleration  of  lesser  magnitude. 
Maximum  yaw  rate  (13  deg/sec)  and  maximum  roll  rate  (8  deg/sec) 
occurred  0.7  second  and  1.3  seconds,  respectively,  after  rolling 
the  throttle  to  the  flight-idle  position.  Pitch  rate  was  less 
than  4  deg/sec  following  the  simulated  sudden  engine  failure. 
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34.  The  longest  collective  delay  time  at  73  KCAS,  the  airspeed 
for  maximum  rate  of  climb  (V™,,,  R/c).  was  approximately  1.4 
seconds.  Average  rotor  speed  decay  rate  during  the  time  the 
collective  was  held  fixed  was  40  rpm/sec.  Minimum  transient 
rotor  speed  was  248  rpm  and  occurred  approximately  2.4  seconds 
after  recovery  was  initiated.  Minimum  allowable  rotor  speed  for 
continuous  operation  (295  rpm)  was  attained  approximately  7.4 
seconds  after  recovery  was  initiated.  Rotor  speed  recovery  rate 
from  minimum  transient  rotor  speed  to  minimum  continuous  rotor 
speed  was  approximately  14  rpm/sec.  Lowering  the  collective  at 
3.0  in. /sec  resulted  in  a  minimum  load  factor  of  0.4,  and  no 
adverse  handling  qualities  were  noted  during  recovery  (HQRS  3). 
Analysis  of  the  data  produced  during  the  engine  power  buildup  to 
Vmax.R/C.  progressing  from  power  for  level  flight  to  maximum 
continuous  power  (50  psi),  shows  pitch  attitude  changes  essen¬ 
tially  the  same  throughout  the  range  of  power  tested;  a  yaw  rate 
gradually  increasing  from  10  to  13  deg/sec  with  power  addition; 
and  a  gradual  increase  in  roll  rate  from  5  to  8  deg/sec. 

Dual  Hydraulic  Systems  Failures 

35.  Dual  hydraulic  systems  failures  were  conducted  to  compare 
the  flying  qualities  of  the  YAH-1R  with  K-747  and  B-540  rotor 
blades  installed.  Test  conditions  are  shown  in  table  1.  Air¬ 
craft  reaction  to  simultaneous  dual  hydraulic  systems  failures 
and  pilot  cues  to  the  failures  were  evaluated  at  trimmed  level 
flight  airspeeds  of  70,  100,  and  122  knots  indicated  airspeed 
(KIAS).  The  aircraft  was  decelerated  from  each  of  these  air¬ 
speeds  in  10-knot  increments  with  hydraulic  systems  OFF.  Hand¬ 
ling  qualities  and  control  forces  at  these  airspeeds  were  eval¬ 
uated  by  making  altitude  changes  and  shallow  turns  (15-degree 
bank  angle).  Following  these  evaluations,  landing  approaches 
were  made  to  determine  the  pilot's  ability  to  safely  land  the 
aircraft  following  a  dual  hydraulic  systems  failure. 

36.  Helicopter  response  and  pilot  cues  to  simultaneous  loss  of 
both  hydraulic  systems  were  essentially  the  same  for  both  rotor 
systems.  Initial  aircraft  response  to  the  failure  was  a  slight 
left  yaw;  a  roll  oscillation,  usually  beginning  with  a  right 
roll;  and  a  change  in  pedal  position.  At  122  KIAS  the  initial 
roll  acceleration  was  objectionable  because  the  pilot  tended  to 
overcontrol  the  aircraft  laterally;  however,  this  condition  was 
improved  when  airspeed  was  decreased  below  110  KIAS.  The  pilot 
first  perceived  the  failure  through  aircraft  response,  right 
pedal  pressure,  illumination  of  the  master  caution  light  and  No. 

1  and  No.  2  hydraulic  systems  caution  lights,  loss  of  SCAS,  and 
presence  of  cyclic  control  feedback. 


17 


37.  With  the  K-747  blade,  collective  control  was  lost  immediately 
at  all  airspeeds  and  collective  could  not  be  raised  or  kept  from 
creeping  down  without  the  assistance  of  accumulator  pressure. 

With  the  B-540  blade,  collective  control  was  available  without 
the  use  of  accumulator  pressure  except  for  the  last  2  inches  of 
full-down  collective  movement.  Since  the  K-747  blade  requires 
constant  use  of  emergency  collective  accumulator  pressure  to 
control  the  aircraft,  collective  motion  should  be  minimized  until 
touchdown  so  that  sufficient  accumulator  pressure  is  available  to 
accomplish  a  landing. 

38.  Objectionable  lateral  and  longitudinal  control  force  asym¬ 
metry  existed  with  the  K-747  blade,  whereas  none  was  noted  with 
the  B-540  blade.  Figure  D  shows  control  force  required  to  move 
the  aircraft  control  from  a  trimmed  condition  for  both  rotor 
blade  types.  As  shown  in  figure  D,  the  lateral  control  forces 
required  for  adequate  roll  control  with  the  K-747  blade  were  3 
pounds  left  and  23  pounds  right  at  100  KIAS.  Slowing  the  air¬ 
craft  to  80  KIAS  essentially  eliminated  this  lateral  control 
force  asymmetry,  and  approximately  10  pounds  of  force  (left  or 
right)  was  required  for  adequate  control.  At  60  KIAS,  control 
force  asymmetry  once  again  became  evident,  and  at  50  KIAS  ade¬ 
quate  roll  control  required  2  pounds  of  right  force  and  45  pounds 
of  left  force.  At  40  KIAS,  55  pounds  of  left  lateral  force  was 
insufficient  to  change  lateral  stick,  position,  and  lateral  con¬ 
trol  of  the  aircraft  was  lost.  Longitudinally,  fore  and  aft 
control  force  symmetry  was  satisfactory  at  higher  airspeeds  but 
gradually  degraded  at  slower  airspeeds.  At  40  KIAS,  65  pounds  of 
aft  stick  force  was  insufficient  to  change  longitudinal  stick 
position,  and  longitudinal  control  of  the  aircraft  was  lost. 
Control  force  harmony  between  axes  was  satisfactory  only  at  80 
KIAS  with  a  control  force  of  approximately  10  pounds  required  to 
move  the  cyclic  control  in  any  direction.  Vcruise  with  the  K-747 
blade  installed  and  a  dual  hydraulic  system  failure  at  the  condi¬ 
tion  tested  was  80  KIAS.  Control  force  characteristics  were 
acceptable  and  satisfactory  with  the  B-540  blade  installed. 

39.  The  dual  hydraulic  system  failure  procedures  specified  in 
the  operator's  manual,  which  recommends  running  landings,  were 
qualitatively  evaluated  for  accuracy  and  adequacy  with  the  B-540 
blade.  Tests  were  also  conducted  with  the  K-747  blade  to  see  if 
the  same  procedures  would  be  applicable.  As  a  build-up  to  the 
hydraulic  systems  failure  tests,  touchdown  landings  at  various 
airspeeds  with  both  hydraulic  systems  functioning  and  SCAS  OFF 
were  made  to  define  SCAS  OFF  landing  characteristics.  During 
these  hydraulics  ON,  SCAS  OFF  tests,  35  KIAS  was  found  to  be  the 
best  airspeed  for  touchdown.  At  airspeeds  greater  than  35  KIAS, 


18 


COLLECTIVE  CONTROL  LONGITUDINAL  CONTROL  LATERAL  CONTROL 

FORCE  (POUNDS)  FORCE  (POUNOS)  FORCE  (POUNDS) 

DOWN  UP  AFT  FWD  LT 


FIGURE  D 

FORCE  REQUIRED  TO  MOVE  CONTROLS  FROM 
TRIM  POSITION  AT  A  GIVEN  AIRSPEED 
WITH  BOTH  HYDRAULIC  BOOST  SYSTEMS  OFF 
YAH-1R  USA  S/N  J&-1SW6 


AVG 

AVG  CG 

AVG 

AVG 

GROSS 

LOCATION 

DENSITY 

AVG 

ROTOR 

WEIGHT 

LONG 

LAT 

ALTITUDE 

OAT 

SPEED 

(LB) 

(FS) 

(BL) 

(FT) 

(°C) 

(RPM) 

9800 

1 94 . 2 ( M I D )  . 1 (RT) 

4200 

21.0 

324 

CONFIGURATION 
HEAVY  TOW 


FORCE  REQUIRED  TO  MOVE  CYCLIC  RIGHT - 


LEFT  LATERAL 
CONTROL  LOST 
(K747  ROTOR) 


oc  AFT  LONGITUDINAL 

25 '  CONTROL  LOST 

(K747  ROTOR) 


•FORCE  REQUIRED  TO  MOVE 
CYCLIC  LEFT' 


■FORCE  REQUIRED  TO  MOVE 
CYCLIC  FORWARD 


•FORCE  REQUIRED  TO  MOVE 
CYCLIC  AFT 


NOTES:  1.  K747  %  COLLECTIVE  PITCH  CANNOT  BE  MOVED  UP  AT  ANY  AIRSPEED. 
25.  2.  K747  -v.  COLLECTIVE  PITCH  CREEPS  DOWN. 


3.  B540  ^  COLLECTIVE  PITCH  CANNOT  BE  LOWERED  BEYOND  2  IN. 

ABOVE  FULL  DOWN. 

4.  ACCUMULATOR  SWITCH  "OFF". 

— i - - - 1 - - - 1 - « - 1 - - - 1 - - - 1 

20  40  60  80  100  120 


INDICATED  AIRSPEED  (KNOTS) 

19 


the  aircraft  tended  to  porpoise  during  the  landing  rollout  but 
the  pilot  could  easily  control  the  aircraft.  At  airspeeds  less 
than  35  KIAS,  the  combination  of  inherent  sideslip  and  roll 
oscillation  required  considerable  pilot  compensation  to  maintain 
runway  alignment  and  simultaneous  touchdown  of  both  skids. 

40.  After  the  build-up  tests,  shallow-angle  landing  approaches 
to  within  5  feet  of  the  ground  were  made  with  the  hydraulic 
systems  OFF.  The  emergency  collective  accumulator  was  activated 
on  short  final  (approximately  1/4  mile  from  touchdown).  Due  to 
the  extreme  lateral  control  force  asymmetry  exhibited  at  the  lower 
airspeeds  (para  38),  running  landing  approaches  with  the  K-747 
installed  were  made  at  50  and  55  KIAS.  At  50  KIAS  the  lateral 
control  force  asymmetry  hampered  the  pilot's  ability  to  control 
the  aircraft  laterally.  If  an  actual  touchdown  had  been  made, 
the  combination  of  the  porpoising  and  lateral  rocking  on  the 
skids  would  have  probably  resulted  in  aircraft  roll-over.  At  55 
KIAS  the  pilot  could  compensate  for  the  lateral  control  force 
asymmetry  and  control  the  roll  oscillation  well  enough  to  allow  a 
successful  landing. 

41.  A  running  landing  approach  with  the  B-540  rotor  installed 
was  made  at  35  KIAS  to  within  5  feet  above  the  runway.  A  success¬ 
ful  landing  could  have  resulted  because  roll  oscillation  was 
controllable  and  aircraft  alignment  with  the  runway  resulted  in 

no  lateral  drift. 

42.  Within  the  scope  of  the  dual  hydraulic  system  failure  test, 
the  characteristics  exhibited  by  the  K-747  rotor  were  signifi¬ 
cantly  degraded  from  the  B-540  rotor  and  will  require  a  separate 
dual  hydraulic  system  failure  section  to  be  published  for  the 
operator's  manual.  The  following  separate  emergency  procedure, 
with  appropriate  WARNINGS,  CAUTIONS,  and  NOTES  should  be  incor¬ 
porated  in  Chapter  9  of  the  operator's  manual  before  airworthi¬ 
ness  release  of  the  K-747  blade. 


Hydraulic  System  Failure  (B-540  Rotor) 

Procedures  for  the  three  combinations  of  hydraulic 
failure  are  described  in  the  following  paragraphs. 


WARNING 

During  a  single  system  failure,  do  not  move  hydrau¬ 
lic  test  switch  to  the  failed  system  position.  Hy¬ 
draulic  pressure  to  the  good  system  will  be  inter¬ 
rupted. 


CAUTION 


Before  further  flight,  the  cause  of  hydraulic  failure 
shall  be  determined  and  corrected. 

Hydraulic  System  No.  1  Failure 

1.  EMER  COLL  HYP  Switch  -  OFF  pilot  and  gunner. 

2.  HYD  CONT  Circuit  Breaker  -  In. 

3.  SCAS  -  Disengage  YAW  channel. 

4.  WEAPON  SIGHT  AC  Circuit  Breaker  -  Out. 


WARNING 

Due  to  the  extremely  serious  nature  of  a  dual 
hydraulic  system  failure,  the  aircraft  should  be 
landed  at  the  nearest  safe  site  after  experiencing 
a  single  hydraulic  system  failure. 


5.  Prepare  to  Land.  A  running  landing  Is  recom 
mended  with  a  touchdown  speed  of  35  KIAS  for  the 
B-540  rotor,  terrain  permitting. 

6.  EMER  COLL  HYD  Switch  -  ON  (final  approach). 


NOTE 

Loss  of  system  No.  1  will  result  in  loss  of  tail  rotor 
boost,  the  directional  control  SCAS  actuator,  and 
the  ability  to  charge  the  accumulator.  Cyclic  and 
collective  control  feedback  may  be  evident  during 
abrupt  maneuvers. 


Hydraulic  System  No,  2  Failure 

1.  EMER  COLL  HYD  Switch  -  OFF  pilot  and  gunner. 

2.  HYD  CONT  Circuit  Breaker  -  In. 
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3.  SCAS  -  Disengage  PITCH  and  ROLL  channels. 

4.  WEAPON  SIGHT  AC  Circuit  Breaker  -  Out. 


WARNING 

Due  to  the  extremely  serious  nature  of  a  dual 
hydraulic  system  failure,  the  aircraft  should 
be  landed  at  the  nearest  safe  site  after  expe¬ 
riencing  a  single  hydraulic  system  failure. 


5.  Prepare  to  Land.  A  running  landing  is 
recommended  with  a  touchdown  speed  of  35  KIAS 
for  the  B-540  rotor,  terrain  permuting. 

6.  EMER  COLL  i. YD  Switch  -  ON  (final  approach). 


Loss  of  the  No.  2  hydraulic  system  will  result 
in  loss  of  pitch  ana  roll  SCAS  actuators.  The 
turret  will  return  to  the  scow  position  in  ele¬ 
vation;  however,  it  will  not  stow  in  azimuth. 
Cyclic  and  collective  control  feedback  may  be 
evident  during  abrupt  maneuvers. 


Hydraulic  System  No.  1  and  No.  2  Fai lure 

1.  EMER  COLL  HYP  Switch  -  OFF  pilot  and  gunner. 

2.  HYD  CONT  Circuit  Breaker  -  In. 

3.  SCAS  -  Disengage  all  channels. 

4.  WEAPON  SIGHT  AC  Circuit  Breaker  -  Out. 

5.  Airspeed  -  Maintain  speed  where  control  forces 
are  manageable. 


WARNING 


With  Bell  B-540  rotor  blades  installed  on  the 
aircraft,  cyclic  feedback  forces  become  un¬ 
controllable  below  20  KIAS. 


CAUTION 

To  prevent  depleting  the  collective  accumulator 
collective  motion  must  be  kept  to  a  minimum.  The 
EMER  COLL  HYD  switch  should  remain  in  the  OFF 
position  until  short  final  approach  except  when 
up  collective  inputs  are  necessary. 


6.  Prepare  to  Land.  A  running  landing  is  recom¬ 
mended  to  a  prepared  field  with  a  touchdown  speed 
of  35  KIAS  for  the  B-540  rotor,  terrain  permitting. 

7.  EMER  COLL  HYD  Switch  -  CHECK  ON  (short  final 
approach). 


NOTE 

Loss  of  both  hydraulic  systems  will  result  in  loss 
of  the  SCAS  actuators,  cyclic,  collective  and  tail 
rotor  boost,  and  loss  of  directional  control  of  the 
turret.  The  turret  will  return  to  the  stow  posi¬ 
tion  in  elevation;  however,  it  will  not  stow  in  azi¬ 
muth. 


Hydraulic  System  Failure  (K-747  Rotor) 

Procedures  for  the  three  combinations  of  hydraulic 
failure  are  described  in  the  following  paragraphs. 


WARNING 

During  a  single  system  failure,  do  not  move  hy¬ 
draulic  test  switch  to  the  failed  system  posi¬ 
tion.  Hydraulic  pressure  to  the  good  system 
will  be  interrupted. 


* 
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CAUTION 


Before  further  flight,  the  cause  of  hydraulic 
failure  shall  be  determined  and  corrected. 


Hydraulic  System  No.  1  Failure 

1.  EMER  COLL  HYP  Switch  -  0F£  pilot  and  gunner. 

2.  HYD  Cont  Circuit  Breaker  -  In. 

3.  SCAS  -  Disengage  YAW  channel. 

4.  WEAPON  SIGHT  AC  Circuit  Breaker  -  Out. 


WARNING 

Due  to  the  extremely  serious  nature  of  a  dual 
hydraulic  system  failure,  the  aircraft  should 
be  landed  at  the  nearest  safe  site  after  exper¬ 
iencing  a  single  hydraulic  system  failure. 


5.  Prepare  to  Land.  A  running  landing  is  recom¬ 
mended  with  a  touchdown  speed  of  55  KIAS  for  the 
K-747  rotor,  terrain  permitting. 

6.  EMER  COLL  HYD  Switch  -  ON  (final  approach). 


NOTE 

Loss  of  system  No.  1  will  result  in  loss  of  tail 
rotor  boost,  the  directional  control  SCAS  actua¬ 
tor,  and  the  ability  to  charge  the  accumulator. 
Cyclic  and  collective  control  feedback  may  be  evi¬ 
dent  during  abrupt  maneuvers. 


Hydraulic  System  No.  2  Failure 
1.  EMER  COLL  HYD  Switch  -  OFF  pilot  and  gunner. 
HYD  CONT  Circuit  Breaker  -  In. 
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2. 


3.  SCAS  -  Disengage  PITCH  and  ROLL  channels. 

4.  WEAPON  SIGHT  AC  Circuit  Breaker  -  Out. 


WARNING 

Due  to  the  extremely  serious  nature  of  a  dual 
hydraulic  system  failure,  the  aircraft  should 
be  landed  at  the  nearest  safe  site  after  expe¬ 
riencing  a  single  hydraulic  system  failure. 


5.  Prepare  to  Land.  A  running  landing  is  recom¬ 
mended  with  a  touchdown  speed  of  55  KIAS  for  the 
K-747  rotor,  terrain  permitting. 

6.  EMER  COLL  HYD  Switch  -  ON  (final  approach). 


NOTE 

Loss  of  the  No.  2  hydraulic  system  will  result 
in  loss  of  pitch  and  roll  SCAS  actuators.  The 
turret  will  return  to  the  stow  position  in  ele¬ 
vation;  however,  it  will  not  stow  in  azimuth. 
Cyclic  and  collective  control  feedback  may  be 
evident  during  abrupt  maneuvers. 


Hydraulic  System  No.  1  and  No.  2  Failure 


NOTE 

(K-747  Rotor  Only) 

Following  loss  of  both  hydraulic  systems  the 
collective  cannot  be  raised  without  the  use  of 
emergency  collective  and  accumulator  pressure; 
the  collective  will  creep  down  in  flight; 
lateral  and  longitudinal  control  forces  are 
not  equal  left  and  right  or  fore  and  aft  at 
any  airspeed  except  80  KIAS;  and  the  air¬ 
craft  cannot  be  controlled  at  airspeeds  below 
50  KIAS. 
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1.  EMER  COLL  HYP  Switch  -  OFF  pilot  and  gunner. 

2.  HYD  CONT  Circuit  Breaker  -  In. 

3.  SCAS  -  Disengage  all  channels. 

4.  WEAPON  SIGHT  AC  Circuit  Breaker  -  Out. 

5.  Airspeed  -  Maintain  speed  where  control  forces 
are  manageable  (suggest  80  KIAS). 


WARNING 

With  Kaman  K-747  rotor  blades  installed  on  the  air¬ 
craft,  cyclic  feedback  forces  become  uncontrollable 
below  4CKIAS. 


6.  EMER  COLL  HYD  Switch  -  ON  (as  necessary  to  con¬ 
trol  collective). 


CAUTION 

To  prevent  depleting  the  collective  accumulator 
collective  motion  must  be  kept  to  a  minimum.  The 
EMER  COLL  HYD  switch  should  remain  in  the  off  posi¬ 
tion  until  short  final  approach  except  when  up 
collective  inputs  are  necessary. 


7.  Prepare  to  Land.  A  running  landing  is  recom¬ 
mended  to  a  prepared  field  with  a  touchdown  speed 
of  55  KIAS  for  the  K-747  rotor,  terrain  permitting. 

8.  EMER  COLL  HYD  Switch  -  CHECK  ON  (short  final 
approach). 


NOTE 

Loss  of  both  hydraulic  systems  will  result  in  loss 
of  the  SCAS  actuators,  cyclic,  collective  and  tail 
rotor  boost,  and  loss  of  directional  control  of 
the  turret.  The  turret  will  return  to  the  stow 
position  in  elevation;  however,  it  will  not  stow 
in  azimuth. 


MISCELLANEOUS  ENGINEERING  TESTS 


Vibration  Characteristics 


43.  Vibration  characteristics  were  qualitatively  and  quantita¬ 
tively  evaluated  throughout  the  test  program.  Vibration  data 
were  gathered  simultaneously  with  data  from  all  other  tests. 

Nine  accelerometers  were  installed  in  the  test  aircraft  at  the 
locations  shown  in  table  1,  appendix  C.  Representative  vibration 
data  obtained  during  level  flight  are  presented  in  figures  55 
through  63,  appendix  E. 

44.  In  general,  the  vibration  level  of  the  test  aircraft  was 
unaffected  by  the  change  from  B-540  rotor  blades  to  K-747  rotor 
blades.  Vibration  levels  were  representative  of  those  measured 
during  USAAVNTA  Project  No.  66-06,  (ref  19,  app  A).  At  no  time 
during  these  tests  were  the  limitations  set  by  paragraph  3.7.1b. 
of  MI1-H-8501A  exceeded  with  either  the  B-540  or  K-747  blades 
installed.  Within  the  scope  of  these  tests,  the  vibration  level 
of  the  YAH-1R  helicopter  was  unchanged  by  the  use  of  the  K-747 
rotor  blade,  and  is  satisfactory. 

Main  Rotor  Blade/Pylon  Fairing  Interference 

45.  Under  static  conditions,  tests  indicated  that  the  K-747 
blade  could  contact  the  aft  portion  of  the  transmission  fairing 
assembly  (P/N  209-060-807-11).  The  K-747  blade  has  a  chord  of 
3.0  feet  as  opposed  to  the  B-540  blade  which  has  a  chord  of  2.25 
feet.  Blade  contact  under  static  conditions  occurred  when  the 
main  rotor  was  at  the  full  aft  teetering  angle  and  at  various 
control  positions.  Figure  E  shows  the  control  positions  which 
resulted  in  blade/fairing  contact  under  static  conditions.  The 
greatest  area  of  contact  (photo  A)  occurred  when  the  cyclic 
control  was  at  the  full  left  position  and  collective  control  was 
full-up.  As  a  result  of  this  finding,  for  test  purposes  a  sec¬ 
tion  of  the  standard  transmission  fairing  assembly  was  removed 
and  replaced  with  a  frangible  styrofoam  material.  The  size  and 
shape  of  the  modified  fairing  (photo  B)  was  identical  to  the 
original.  During  the  flying  phase  of  this  program,  blade  contact 
with  the  fairing  assembly  did  not  occur.  AVSC0M  directed  KAC  to 
investigate  the  rotor  blade/pylon  fairing  interference  problem  at 
the  contractor  facilities.  The  results  of  KAC  testing  showed 
that  it  is  highly  unlikely  the  K-747  blade  would  hit  the  fairing 
while  the  blades  are  rotating. 
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Reliability  and  Maintainability 


46.  The  reliability  and  maintainability  of  the  K-747  rotor  system 
was  evaluated  throughout  the  conduct  of  the  flight  test  program. 
Logistical  support  equipment,  ease  of  changing  from  the  B-540 
blade  to  the  K-747  blade,  and  serviceability  of  the  blade  through 
normal  usage  were  evaluated.  Since  the  opportunity  to  observe 
long-term  component  reliability  was  limited  by  the  minimal  number 
of  program  flight  hours,  the  evaluation  of  blade  reliability  and 
maintainability  was  qualitative. 

47.  Logistics  problems  will  be  increased  during  a  retrofit 
program  that  replaces  the  B-540  rotor  with  the  K-747  IMRB  because 
the  container  used  to  store  or  ship  the  K-747  blade  cannot  be 
used  for  return  shipment  of  the  removed  B-540  rotor  blade.  The 
inability  to  store  or  ship  the  B-540  blade  in  the  K-747  container 
is  undesirable. 

48.  During  the  flight  test  program,  several  cracks  in  the  blade 
and  blade-to-hub  attachment  components  occurred,  and  adequate 
published  criteria  to  evaluate  the  severity  of  these  cracks  did 
not  exist.  Photo  C  shows  a  3/4-inch  crack  noted  during  post¬ 
flight  blade  inspection  of  the  tip  of  K-747  blade  SN  1005.  The 
crack  was  located  aft  of  the  metal  tip  cap  in  the  composite 
material  and  appeared  to  have  originated  from  a  small  tooling 
hole.  The  contractor  stated  that  the  crack  probably  was  incurred 
during  blade  assembly.  Using  EPON  828  epoxy  resin  and  two  layers 
of  181  fiberglass  cloth,  the  affected  area  was  repaired  and  cured 
at  160°F  for  2  hours.  The  repair  was  made  by  the  contractor  and 
the  blade  was  subsequently  flown  with  no  noticeable  increase  in 
vibration.  No  additional  repair  was  necessary  to  the  blade  and 
no  further  crack  propagation  was  noticed  during  the  remainder  of 
the  flight  test  program. 

49.  Two  chordwise  cracks,  one  in  each  of  K-747  blades  SN  1013 
and  1014  at  blade  station  88,  were  found.  The  cracks  were  noted 
upon  initial  installation  and  were  due  to  blade  skin  overlap 
separation  as  a  result  of  a  manufacturing  flaw.  The  cracks  were 
repaired  using  EPON  828  epoxy  resin  and  one  layer  of  preformed 
blade  skin  sent  from  the  factory.  The  affected  area  was  cured 
and  the  blades  subsequently  installed  and  flown.  No  apparent 
performance  degradation  resulted  from  these  repairs.  The  ease  of 
repair  of  cracks  and  other  imperfections  or  damage  caused  to  the 
K-747  blades  and  the  minimal  down  time  required  to  effect  such 
repairs  is  an  enhancing  characteristic. 
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50.  Certain  types  of  cracks  can  be  tolerated,  easily  repaired, 
and  flown  with  IMRB  blades,  whereas  similar  cracks  in  metal 
blades  would  be  cause  for  grounding.  Criteria  must  be  published 
to  allow  maintenance  personnel  to  evaluate  the  severity  of  cracks 
in  the  K-747  blades.  A  training  program  will  be  required  to 
acquaint  maintenance  and  flight  crew  personnel  with  these  cri¬ 
teria. 

Engine  Performance  Characteristics 

51.  Engine  performance  characteristics  were  determined  in  con¬ 
junction  with  the  hover  and  level  flight  performance  tests. 
Referred  engine  characteristics  data  gathered  during  the  engine 
calibrations  are  presented  in  figures  64  through  71,  appendix  E. 
The  T53-L-703  engine  power  available  and  fuel  flow  data  were 
estimated  using  a  computer  program  documented  in  Lycoming  program 
file  number  LS19.04.32.00.  These  data  are  presented  in  figures 
72  through  75,  appendix  E,  and  have  been  adjusted  for  engine 
inlet  temperature  and  inlet  pressure  characteristics  obtained 
from  figure  113  of  USAAVNTA  Final  Report  No.  66-06  (ref  19, 

app  A). 

Airspeed  Calibration 

52.  The  ship's  and  boom  airspeed  systems  were  calibrated  in 
level  flight  by  using  a  calibrated  pace  aircraft  for  airspeed 
reference.  These  data  are  presented  in  figures  1  and  2,  appendix 
C.  Because  the  placement  of  the  pitot-static  systems  on  the 
YAH-1R  is  different  from  AH-1S  aircraft,  these  data  should  not  be 
included  in  the  AH-1S  handbook. 


Acoustical  Evaluation 

53.  A  quantitative  acoustical  evaluation  of  the  YAH-1R  with 
K-747  blade  was  planned  but  was  not  accomplished  due  to  time  and 
resource  restraints.  Qualitatively,  the  noise  caused  by  the 
rotation  of  the  K-747  blades  appeared  to  be  somewhat  less  than 
that  from  the  B-540  blades.  This  was  noted  both  in  the  cockpit 
by  the  flight  crew  and  on  the  ground  by  maintenance  and  engi¬ 
neering  personnel.  It  is  recommended  that  a  quantitative  acous¬ 
tical  evaluation  be  accomplished  on  AH-1S  aircraft  equipped  with 
K-747  blades. 


CONCLUSIONS 


54.  The  YAH-1R  helicopter  with  K-747  blade  installed  exhibits 
performance  improvements  in  hover,  climb,  and  portions  of  the 
level  flight  envelope.  Limited  handling  qualities  tests  showed 
no  changes;  however,  flight  characteristics  following  dual  hy¬ 
draulic  system  failure  were  significantly  degraded.  A  separate 
pilot  standardization  program  for  the  AH- 1  series  with  the  K-747 
blades  installed  is  not  considered  necessary. 

55.  Specific  conclusions  are  as  follows: 

a.  Maximum  gross  weight  for  OGE  hover  was  improved  3.5 
percent,  but  failed  to  meet  the  desired  6  percent  increase  in  OGE 
hover  gross  weight  of  the  RFP  or  the  specified  8.7  percent  in¬ 
crease  of  the  detail  specification  (para  11). 

b.  The  climb  performance  of  the  aircraft  was  improved  with 
installation  of  the  K-747  blade  (para  14). 

c.  The  change  in  level  flight  performance  of  the  YAH-1R 
caused  by  the  installation  of  the  K-747  blade  varied  with  CT  and 
airspeed  (para  18). 

d.  Airspeeds  for  minimum  rate  of  descent  and  maximum  glide 
distance  for  the  K-747  blade  were  70  and  98  KCAS,  respectively 
(para  22). 

e.  Current  handbook  procedures  for  safely  landing  the 
YAH-1R  with  dual  hydraulic  system  failures  are  not  appropriate  for 
the  K-747  rotor  blade  (para  42). 

f.  Vibration  levels  in  the  YAH-1R  were  essentially  un¬ 
changed  with  the  K-747  blade  installed  (para  44). 

g.  The  inability  to  store  or  ship  the  B-540  blade  in  the 
K-747  container  is  undesirable  (para  47). 

h.  During  the  flight  test  program,  several  cracks  in  the 
blade  and  blade-to-hub  attachn^nt  were  found  and  adequate  pub¬ 
lished  criteria  to  determine  the  severity  of  and  repair  these 
cracks  did  not  exist  (para  48). 
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i.  The  ease  of  repair  of  cracks  and  other  imperfections  or 
damage  caused  to  the  K-747  blade  and  the  minimal  down  time  re¬ 
quired  to  effect  such  repairs  is  an  enhancing  characteristic 
(para  49). 

j.  No  deficiencies  or  shortcomings  were  identified  during 
this  evaluation. 
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RECOMMENDATIONS 


56.  Further  autorotational  descent  performance  testing  should  be 
conducted  on  the  AH-1S  with  K-747  rotor  blade  to  obtain  data  for 
the  AH-1S  operator's  manual  (para  22). 

57.  The  separate  emergency  procedure,  Hydraulic  System  Failure 
(K-747  Rotor),  with  appropriate  WARNINGS,  CAUTIONS,  and  NOTES 
should  be  incorporated  in  chapter  9  of  the  operator's  manual 
(para  42). 

58.  Publish  adequate  criteria  to  allow  maintenance  personnel  to 
determine  severity  of  cracks  in  the  K-747  blades  (para  50). 

59.  A  single  standardization  program  for  the  AH-1S  with  either 
the  B-540  or  K-747  blades  installed  should  be  adopted. 

60.  Institute  a  training  program  for  pilots  and  maintenance 
personnel  on  the  K-747  blade  to  cover  all  maintenance  require¬ 
ments  for  the  blades,  accenting  what  types  of  cracks  can  be 
tolerated,  repaired,  and  flown  with  safety  (para  50). 
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FUSELAGE 

1.  The  YAH-1R  fuselage  is  idential  in  outward  appearance  and 
dimensions  to  the  AH-1G  helicopter.  Internal  modifications  to 
strengthen  the  fuselage  structure  to  accept  the  increased  gross 
weight,  power,  and  tail  rotor  power  include  strenghtened  trans¬ 
mission  mounts  and  associated  structure  and  strengthened  tail 
boom.  AH-1S  wings  were  installed  on  the  YAH-1R  to  accommodate 
simulated  TOW  launchers.  External  dimensions  of  the  AH-1S  wing  are 
not  changed  from  the  AH-1G  except  that  the  hard  points  for  jacking 
are  located  at  fuselage  station  (FS)  200.55  instead  of  FS  197.85. 
The  nose  section  of  the  YAH-1R  was  not  modified  with  the  TOW 
sighting  system. 


ENGINE 

2.  The  T53-L-703  engine  installed  in  the  YAH-1R  helicopter  is  a 
growth  version  of  the  T53-L-13B  engine.  The  T53-L-703  is  a 
turboshaft  engine  with  a  two-stage  axial  flow  free  power  turbine; 
two-stage  axial  flow  turbine  driving  a  combination  five-stage 
axial,  one-stage  centrifugal  compressor  having  a  nominal  8:1 
compression  ratio  at  the  thermodynamic  limit  and  incorporating 
compressor  interstage  air  bleed;  variable  inlet  guide  vanes;  and 
an  external  annular  atomizing  combuster.  A  3.2105:1  reduction 
gear  housed  in  the  air  inlet  housing  reduces  power  turbine  speed 
to  output  shaft  speed  (nominally  6600  rpm  output  shaft  speed). 

The  engine  reduction  gearbox  is  limited  to  1175  ft- lb  torque  for 
30  minutes  and  1110  ft-lb  torque  for  continuous  usage.  The 
engine  achieves  this  power  growth  over  the  T53-L-13B  engine 
through  increased  gas  producer  speed  and  increased  operating 
temperatures  made  possible  by  improving  the  air  cooling  of  the 
first-stage  gas  producer  nozzle  and  by  incorporating  air-cooled 
blades  in  the  first-stage  turbine.  New  materials  are  employed  in 
the  second-stage  gas  producer  and  power  turbines.  A  T7  inter¬ 
stage  turbine  temperature  sensor  harness  has  been  incorporated 
for  measurement  of  interstage  turbine  temperature,  giving  a. more 
accurate  indication  of  engine  internal  temperature  than  the  Tg 
temperature  (exhaust  gas)  sensed  in  the  T53-L-13B  engine.  Ty 
temperature  is  displayed  in  the  cockpit  in  place  of  Tg.  This  is 
noticeable  in  the  higher  temperature  limit  on  the  gage  and  in  the 
shorter  temperature  rise  time  on  starting  the  engine. 
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TRANSMISSION  AND  TAIL  ROTOR  DRIVE 

3.  An  uprated  transmission  and  tail  rotor  drive  system  is 
installed  in  the  YAH-1R  helicopter.  These  systems  have  the 
following  limits: 

a.  Transmission: 

(1)  1290  horsepower  for  30  minutes. 

(2)  1134  maximum  continuous  horsepower. 

b.  Tail  rotor  drive: 

(1)  260  horsepower  for  4-second  transient  limit. 

(2)  187  horsepower  maximum  continuous  power. 

ENGINE  OIL  COOLER 

4.  The  cooling  capacity  of  the  engine  oil  cooler  has  been 
increased  by  enlarging  the  bleed  air  orifice  which  drives  the  ' 
turbine  oil  cooler  fan,  allowing  higher  cooling  fan  speed  and 
cooling  air  mass  flow. 


CONTROL  SYSTEM 

5.  The  control  system  of  the  YAH-1R  is  basically  the  same  as 
the  AH- 1G ;  however,  two  new  features  have  been  incorporated.  The 
cable  controls  in  the  AH-1G  anti  torque  system  have  been  replaced 
by  push-pull  tubes.  A  collective  control  rate  limiter  which 
limits  the  rate  of  collective  control  movement  to  115  percent  of 
full  throw  in  1  second  has  been  incorporated. 


MAIN  ROTOR  BLADES 


6.  During  this  test  two  sets  of  rotor  blades  were  evaluated, 
the  standard  B-540  rotor  blades  manufactured  by  Bell  Helicopter 
Textron  and  the  K-747  rotor  blades  manufactured  by  Kaman  Aero¬ 
space  Corporation.  The  B-540  blades  are  of  all-metal  construc¬ 
tion  and  utilize  a  symmetrical  constant  chord  airfoil  section 
with  a  2024  T4  aluminum  spar  and  nomex  honeycomb  core.  The  K-747 
blades  utilize  a  multicell  filament-wound  fiberglass  spar,  a 
nomex  core  afterbody,  and  a  Kevlar  trailing  edge  spline,  all 
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enclosed  by  fiberglass  skin.  At  the  inboard  end,  cheekplates 
carry  blade  loads  to  an  aluminum  adapter  which  attaches  the  blade 
to  the  current  AH-1  rotor  hub  using  the  standard  hub  pin.  The 
K-747  rotor  system  has  the  same  radius  and  essentially  the  same 
solidity  as  the  standard  B-540  rotor  (.0625  as  compared  with 
.0651  for  the  B-540),  although  the  blade  planform  is  changed. 

The  blade  twist  is  increased  and  a  nonsymmetrical  airfoil  shape 
is  employed.  The  blade  weight  and  stiffness  distribution  for  the 
K- 747  were  designed  to  match  the  B-540. 


7.  The  K-747  blade  airfoil  shape  is  based  on  a  family  of  air¬ 
foils  developed  by  Boeing  Vertol.  Planform  dimensions  are  shown 
in  figure  1  and  a  typical  cross-section  is  shown  in  figure  2. 

The  outer  15  percent  of  the  K-747  blade  is  tapered  in  thickness 
and  planform  with  a  tip  chord  of  .83  feet.  The  airfoil  design 
varies  from  blade  tip  to  blade  root  as  follows: 


y/R  (Blade  Radius  Sta) 
From  tip  to  .85 
From  .85  to  .67 

From  .67  to  .25 


Airfoil  Design 

8%  thick  Boeing  Vertol  VR-8 

Linear  transition  at  12%  thick 
VR-7 

12%  thick  Boeing  Vertol  VR-7 


From  .25  to  .18  Gradual  buildup  to  25%  by 

cheekplates 

The  current  AH-1Q  hub  with  hub  pin  located  at  y/R  =  .15  is  re¬ 
tained.  There  is  an  attachment  adapter  fitting  and  drag  brace 
between  the  pin  and  the  end  of  the  blade. 


PRINCIPAL  DIMENSIONS 


8.  The  principal  dimensions  and  general  data  concerning  the 
YAH-1R  helicopter  are  as  follows: 

Overall  Dimensions 


Length,  rotor  turning 
Width,  rotor  turning 
Height,  tail  rotor  vertical 
Length,  rotor  removed 


52  ft,  11  in. 

44  ft 

13  ft,  9.5  in. 

45  ft,  2.2.  in. 
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Figure  1.  K-747  Blade  Configuration, 
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Main  Rotor  K-747  B-540 


Diameter 
Disc  area 
Solidity 

Number  of  blades 
Blade  chord 
Blade  twist 
Airfoil 


44  ft  - 
1520.5  ft* 
0.0625 
2 

See  fig.  1 
-0.556  deg/ft 
See  para  2 


44  ft  - 
1520.5  ft* 

0.0651 

2 

2.25  ft,  constant 
-0.455  deg/ft 
9.33  percent 
thickness,  special 
symmetrical 
section 


Tail  Rotor 


Diameter 
Disc  area 
Solidity 

Number  of  blades 
Blade  chord,  constant 
Blade  twist 
Airfoil 


Fuselage 

Length,  rotor  removed 
Height: 

To  tip  of  tail  fin 
Ground  to  top  of  mast 
Ground  to  top  of  trans¬ 
mission  fairing 
Ground  to  bottom  of  chin 
turret 
Width: 

Fuselage  only 
Wing  span 
Engine  cowling 
Skid  gear  tread 
Elevator: 

Span 

Area 

Airfoil 


8  ft,  6  in. 

56.75  ft* 

0.1436 

2 

11.5  in. 

0.0  deg/ft 

NACA  0018  at  blade  root, 
changing  linearly  to 
special  cambered  section 
of  8.27  percent  of  tip 


45  ft,  2.2  in. 

10  ft,  4  in. 

11  ft,  7  in. 

10  ft,  2  in. 

1  ft,  2  in. 


3  ft 

10  ft,  8.24  in. 

3  ft,  6  in. 

7  ft,  4  in. 

6  ft,  2_in. 

25.2  ft* 

Inverted  Clark  Y 
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18.5  ft2 

Special  cambered 
5  ft,  6  in. 

10  ft,  8.24  in. 

27.8  ft2 
14.0  deg 
NACA  0030 
NACA  0024 

10.  A  flight  control  rigging  check  performed  in  accordance  with 
procedures  outlined  in  TM  55-1520234-20  demonstrated  the  cyclic, 
collective,  and  directional  controls  were  within  prescribed 
limits.  The  swashplate  angles  which  were  measured  with  respect 
to  aircraft  axes  and  tail  rotor  blade  pitch  angles  were  as 
follows: 

Swashplate  Angles 

Control  positi 
Neutral 
Full  forward 
Full  aft 
Full  right 
Full  left 

Tail  Rotor  Bla 


Pedal  position: 
Full  left 
Full  right 


WEIGHT  AND  BALANCE 

11.  The  aircraft  weight,  longitudinal  eg  location,  and  lateral 
eg  location  were  determined  prior  to  testing,  and  checked  period¬ 
ically  throughout  the  tests.  A  fuel  cell  calibration  was  also 
performed  prior  to  testing.  All  weighings  were  accomplished  with 
instrumentation  installed  and  without  external  stores  or  chin 
turret  weapons  installed.  The  TOW  missile  pods  were  ballasted  as 
necessary  to  achieve  desired  takeoff  gross  weights.  Tables  1  and 
2  show  typical  takeoff  loadings  to  achieve  aft  and  forward  cg's, 
respectively. 


>n:  Lateral  angle: 

1.5  deg  left,  down 
5  deg  right,  down 
5  deg  left,  down 

7  deg  right,  down 

7.5  deg  left,  down 


Longitudinal  angle: 
1  deg  nose-up 
10  deg  nose-down 

12.5  deg  nose-up 

4.5  deg  nose-up 

3.5  deg  nose-down 


Pitch  Angles 


Blade  angle: 
19.9  deg 
-11.0  deg 


Vertical  fin: 

Area 

Airfoil 

Height 

Wing: 

Span 

Area 

Incidence 
Airfoil  (root) 
Airfoil  (tip) 
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Item 


Weight 

(lb) 


Longitudinal 
Center  of  Gravity 
(FS) _ 


Basic  aircraft2 

6339 

204.6 

Fuel3 

1703 

199.4 

Oil 

26 

234.6 

Pilot 

191 

135 

Copilot 

185 

83 

Outboard  external  stores4 

1068 

201.8 

Tail  light 

50 

472 

Tail  boom 

50 

305 

Aft  batt.  compt. 

100 

283 

Ballast  Pilot  stations 

120 

135 

Copilot  parachute 

20 

83 

Turret 

150 

76 

Fwd  batt.  compt. 

0 

40 

TOTAL 

10002 

199.6 

ILateral  eg  (BL)  =  0.1  right 

2Includes  instrumentation  with  aircraft  battery  located  in 
forward  compartment  FS  40. 

3258  gallons  at  specific  weight  of  6.6  lb/gallon. 

4 TOW  missile  racks  on  the  outboard  stores. 

5 100  pound  removable  ballast  plus  20  pound  parachute. 


Table  2.  Aircraft  Loading  for  Forward  Center  of  Gravity.1 


Item 

Weight 

(lb) 

Longitudinal 
Center  of  Gravity 
(FS) 

Basic  aircraft2 

6339 

204.6 

Fuel3 

1703 

199.4 

Oil 

26 

234.6 

Pilot 

191 

135 

Copilot 

185 

83 

Outboard  external  stores'* 

1068 

201.8 

Tail  light 

50 

472 

Tail  boom 

50 

305 

Aft  Batt.  compt. 

100 

238 

Ballast  Pilot  station5 

120 

135 

Copilot  parachute 

20 

83 

Turret 

300 

76 

Fwd  batt.  compt. 

150 

40 

TOTAL 

10302 

195.4 

lateral  eg  (BL)  =  0,1  inch  right. 

2Includes  instrumentation  with  aircraft  battery  located  in  forward 
compartment  FS  40.  \  _ 

3258  gallons  at  specific  weight  of  6.6  lb/gallon. 

4T0W  missile  racks  on  the  outboard  stores. 

5 100  pounds  removable  ballast  plus  20-pound  parachute. 


12.  The  fuel  loading  for  each  test  flight  was  determined  prior 
to  engine  start  and  following  engine  shutdown  by  using  a  cali¬ 
brated  external  sight  gage  to  determine  fuel  volume  and  by  mea¬ 
suring  specific  gravity.  Fuel  used  in  flight  was  recorded  by  a 
sensitive  fuel-used  system  and  verified  with  the  pre-  and  post- 
flight  sight  gage  readings. 
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APMNDIX  C.  INtTRUMINTATION 


1.  The  test  instrumentation  system  was  designed,  calibrated,  in¬ 
stalled,  and  maintained  by  USAAEFA.  Digital  and  analog  data  were 
obtained  from  calibrated  instrumentation  and  were  recorded  on  mag¬ 
netic  tape  and/or  displayed  in  the  cockpit.  The  digital  instru¬ 
mentation  system  consisted  of  various  transducers,  signal  condi¬ 
tioning  units,  an  eight-bit  PCM  encoder,  and  an  Ampex  AR  700  tape 
recorder.  The  digital  data  were  also  telemetered  to  a  ground 
station  for  in-flight  monitoring.  Time  correlation  was  accom¬ 
plished  with  a  pilot/engineer  event  switch  and  on-board  recorded 
and  displayed  Inter  Range  Instrumentation  Group  (IRIG)B  time. 
Analog  data  were  recorded  on  two  separate  tracks  of  the  AR  700 
recorder  through  the  use  of  two  voltage  control  oscillator  (VCO) 
chassis  of  6  VCO's  each.  Various  specialized  sensitive  indica¬ 
tors  displayed  data  to  the  pilot  and  engineer  on  board  the  air¬ 
craft  continuously  during  the  flight.  A  boom  was  mounted  on  the 
nose  of  the  aircraft  with  the  following  sensors:  swiveling  pitot- 
static  head,  sideslip  vane,  angle-of-attack  vane,  and  total-temp¬ 
erature  sensor. 

2.  Calibrated  cockpit  monitored  parameters  and  special  equip¬ 
ment  are  listed  below. 

Pilot  Station 


Airspeed  (boom) 

Altitude  (boom) 

Altitude  (radar) 

Rate  of  climb  (ship's  system) 

Rotor  speed 
Engine  torque 
Measured  gas  temperature 
Gas  generator  speed 
Control  position: 

Longitudinal 

Lateral 

Directional 

Collective 

Cg  normal  acceleration 
Angle  of  sideslip 

Outside  air  temperature  (ship's  system) 
Event  switch 
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Copilot/Enqineer  Station 

Event  switch 
Control  fixture 
Airspeed  (boom) 

Altitude  (boom) 

Rate  of  climb  (ship’s  system) 

Rotor  speed 
Engine  torque 
Measured  gas  temperature 
Gas  generator  speed 
Outside  air  temperature 
Attitude  gyro  (ship's  system) 

Fuel  used  (totalizer) 

Instrumentation  control 
Time  of  day 
Record  counter 

Parameters  recorded  on  tape  were  as  follows: 
PCM  Parameters 


Time  code 

Pilot/engineer  event 
Rotor  speed  (digital) 

Fuel  used 
Run  number 
Airspeed 
Altitude 
Altitude  (radar) 

Control  position: 
Longitudinal 
Lateral 
Directional 
Collective 
Twist  grip 
Angle  of  sideslip 
Angle  of  attack 
Main  rotor  speed  (analog) 
Gas  generator  speed 
Control  force: 
Longitudinal 
Lateral 
Directional 
Engine  speed  (N„) 

Pitch  attitude  c 
Roll  attitude 
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SCAS  actuator  position: 
Longitudinal 
Lateral 
Directional 

Center-of-gravity  acceleration: 
Normal 
Lateral 
Longitudinal 
Engine  torque  pressure 
Main  rotor  shaft  torque 
Tail  rotor  shaft  torque 
Tail  rotor  blade  angle 
Measured  gas  temperature 
Fuel  flow  rate 
Total  air  temperature 
Fuel  temperature 
Pitch  rate 
Roll  rate 
Yaw  rate 

Magnetic  heading 
FM  Parameters 


Pilot  seat  acceleration: 

Vertical 

Lateral 

Longitudinal 

Copilot  seat  acceleration: 

Vertical 

Lateral 

Longitudinal 

Instrument  panel  acceleration: 

Vertical 
Lateral 
Longitudinal 
Main  rotor  shaft  index 
Main  rotor  teetering  angle 
Main  rotor  pitch  link  load 

4.  The  location  of  the  vibration  transducers  is  shown  in 
table  1. 

5.  A  contractor  height-velocity  (H-V)  test  program  and  a  dual 
hydraulic  boost  failure  evaluation  required  the  addition  of  the 
following  instrumentation: 
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Table  1.  Vibration  Transducer  Locations. 


Description 

Axis 

Fuselage 

Station 

Buttline 

Water 

Line 

Pilot  seat 

Vertical 

137.0 

3.0 

63.5 

Pilot  seat 

Lateral 

137.0 

3.0 

63.5 

Pilot  seat 

Longitudinal 

137.0 

3.0 

63.5 

Copilot  seat 

Vertical 

89.2 

8.3 

53.5 

Copilot  seat 

Lateral 

89.2 

8.3 

53.5 

Copilot  seat 

Longitudinal 

89.2 

8.3 

53.5 

Pilot 

instrument  panel 

Vertical 

112.6 

7.0 

78.5 

Pilot 

instrument 

Lateral 

112.6 

7.0 

78.5 

Pilot 

instrument  panel 

Longitudinal 

112.6 

7.0 

78.5 

Touchdown  indicator 
Sink  rate  radar 

Dual  Hydraulic  Boost  Failure 

Failure  switch  indication 
Collective  stick  force 


i 
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APPENDIX  D.  TEST  TECHNIQUES  AND 
DATA  ANALYSIS  METHODS 


TEST  TECHNIQUES 

1.  Conventional  test  techniques  were  used  in  both  the  perfor¬ 
mance  and  handling  qualities  tests.  Detailed  descriptions  of  all 
test  techniques  are  contained  in  references  13,  14,  and  15, 
appendix  A,  except  where  referred  to  in  the  following  paragraphs. 
The  Handling  Qualities  Rating  Scale  presented  in  figure  1  was 
used  to  augment  pilot  comments  relative  to  handling  qualities. 
Definitions  of  deficiencies  and  shortcomings  are  as  stipulated  in 
Army  Regulation  310-25  (ref  20,  app  A). 


DATA  ANALYSIS  METHODS 


Hondimensional  Coefficients 


2.  The  nondimens ional  coefficients  listed  below  were  used  to 
generalize  the  hover,  climb,  level  flight,  and  autorotational 
performance  test  data  obtained  during  this  evaluation. 


a.  Coefficient  of  power  (Cp): 

„  _  SHP  x  550 

r  3 

b.  Coefficient  of  thrust  (C^): 

C  =  GW/ 6 
T  pA(nR//e)2 


(1) 


(2) 


c.  Advance  ratio  (u): 

1.6878  V, 

T 

^ =  — m — 


(3) 


d. 


Advancing  blade  tip  mach  number  (M 


1.6878  vT  +  (fiR) 
a 


(4) 


1 
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Where: 


SHP  =  Engine  output  shaft  horsepower 
550  =  Conversion  factor  (ft-lb/sec/shp) 

O 

p  =  Air  density  (slug/ft  ) 

o 

A  =  Main  rotor  disc  area  (ft  ) 

n  =  Main  rotor  angular  velocity  (radian/sec) 

R  =  Main  rotor  radius  (ft) 

GW  =  Aircraft  gross  weight  (lb) 

V-j-  =  True  airspeed  ( kt) 

a  =  Speed  of  sound  (ft/sec)  =  1116.45/e 

1.6878  =  Conversion  factor  (ft/sec/kt) 

Values  used  in  the  calculation  of  Cp  and  CT  for  the  test  aircraft 
are  listed  in  table  1. 


Table  1.  Values.1 


Rotor 

Speed 

(rpm) 

A(fiR) 

A(ftR)  2 

A(ftR) 3 

(Radian/Sec) 

(Ft3/Sec) 

(FtVSec2) 

(Ft5/Sec3) 

294 

30.79 

1.030  x  106 

4.726  x  1011 

314 

32.88 

1.100  x  106 

7.956  x  108 

5.755  x  1011 

324 

33.93 

1.135  x  106 

8.471  x  108 

6.324  x  1011 

2 

*A  =  Main  rotor  disc  area  =  1520.53  ft  and  R  =  main  rotor  disc 
area  »  22.00  ft. 


True  airspeed  (Vt)  was  calculated  using  calibrated  airspeed 
( Vcal )  and  density  ratio  (a)  as  follows: 


v 


T 


(5) 


Where: 


o  =  p/. 0023769 


Shaft  Horsepower  Required 


3.  Engine  output  shaft  torque  was  determined  from  the  engine 
manufacturer's  differential  torque  pressure  system.  The  rela¬ 
tionship  of  measured  differential  torque  pressure  (psi )  to  engine 
output  shaft  torque  (in. -lb)  is  illustrated  in  figure  2.  The 
output  shp  was  determined  from  the  engine  output  shaft  torque  and 
rotational  speed  by  the  following  equation: 


2tt  x  Np  x  Q 
SHP  =  396,000 

Where: 


(6) 


Np  =  Engine  output  shaft  rotational  speed  (rpm) 

Q  =  Engine  output  shaft  torque  (in. -lb) 

396,000  =  Conversion  factor  (in.-lb/min/shp) 

Tail  Rotor  Performance 

4.  During  hover  performance  tests,  tail  rotor  performance 
parameters  were  also  recorded.  Terms  in  equations  1  and  2,  which 
apply  to  the  main  rotor,  were  replaced  by  tail  rotor  parameters 
for  nondimensionalized  tail  rotor  performance.  The  terms  are 
redefined  as: 

SHP  =  Tail  rotor  shaft  horsepower  (SHPTR) 

O 

A  =  Tail  disc  area  (ft  ) 

n  =  Tail  rotor  angular  velocity  (radian/sec) 

R  =  Tail  rotor  radius  (ft) 

GW  =  Tail  rotor  thrust  (lb) 


Tail  rotor  shp  was  determined  from  the  following  equation: 


SHP 


TR 


27T(Np  x  5.10859)  x  QTR 
33,000 


(7) 


Where: 

Qtr  =  Tail  rotor  torque  (in-lb) 

5.10859  =  Gear  ratio  of  power  turbine  to  tail  rotor 

5.  Approximate  tail  rotor  thrust  was  determined  from  the  fol¬ 
lowing  equation: 


THRUST  =  -p£i  (8) 

T 

Where: 

Qmr  =  Main  rotor  shaft  torque  (ft-lb) 

It  =  Perpendicular  distance  between  center  lines  of  main 
and  tail  rotor  shafts  =  26.72  feet 

Hover 


6.  Hover  performance  was  obtained  both  IGE  and  OGE  by  the  free 
flight  hover  technique.  All  hover  tests  were  conducted  in  winds 
of  less  than  3  knots.  Atmospheric  pressure,  temperature,  and 
wind  velocity  were  recorded  from  a  ground  weather  station.  Free 
flight  hover  tests  consisted  of  stabilizing  the  helicopter  at  a 
desired  height  with  reference  to  a  premeasured  weighted  cord  hung 
from  the  landing  gear  skid.  Ballast  was  incrementally  removed 
from  the  aircraft  until  the  minimum  gross  weight  was  obtained. 

All  hover  data  were  reduced  to  nondimensional  parameters  of  Cp 
and  Ct  (equations  1  and  2,  respectively),  and  grouped  according 
to  skid  height. 

Level  Flight  Performance  and  Specific  Range 

7.  Level  flight  performance  was  determined  by  using  equations 
1,  2,  and  3.  Each  speed  power  was  flown  at  a  predetermined  con¬ 
stant  Cj  by  maintaining  a  constant  referred  gross  weight  (W/<s) 
and  referred  rotor  speed  (N//e).  A  constant  W/6  was  maintained 


s 
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by  decreasing  ambient  pressure  ratio  (6)  as  the  aircraft  gross 
weight  decreased  with  fuel  burnoff.  Rotor  speed  was  also  varied 
to  maintain  a  constant  N//eT  as  the  ambient  air  temperature 
varied. 

8.  Test-day  power  level  flight  was  corrected  to  standard-day 
conditions  using  equations  9  and  10. 


Where: 

t  =  Test  day 
s  =  Standard  day 

9.  Specific  range  was  calculated  using  level  flight  performance 
curves  and  the  specification  installed  engine  fuel  flow  character¬ 
istic. 


NAMPP  = 


(11) 


Where: 

NAMPP  =  Nautical  air  miles  per  pound  of  fuel 
V-j.  =  True  airspeed  (kt) 

Wf  =  Fuel  flow  (lb/hr) 

10.  Changes  in  the  equivalent  flat  plate  area  ( Afe)  for  various 
aircraft  configurations  were  calculated  by  the  following  equa¬ 
tion: 


Afe 
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2 (ACp)A 


(12) 


Sawtooth  Climbs  and  Autorotational  Descents 


11.  A  series  of  sawtooth  climbs  and  autorotational  descents  were 
flown  to  determine  power  (Kp)  and  weight  (Kw)  correction  coeffi¬ 
cients  and  autorotational  descent  performance.  The  rates  of 
climb  and  descent  (dhp/dt)  were  determined  from  the  rate  of 
change  of  boom  pressure  altitude  (Hp)  with  time,  corrected  for 
instrument  error,  static  position  error,  and  altimeter  error 
caused  by  nonstandard  temperature  using  the  following  equation: 


Where: 

dhp/dt  =  Slope  of  pressure  altitude  versus  time  curve 
at  a  given  pressure  altitude  (ft/min). 

T.  =  Test  ambient  air  temperature  at  the  pressure  alti- 
z  tude  at  which  the  slope  is  taken  (4K) 

T  =  Standard  ambient  air  temperature  at  the  pressure 
s  altitude  which  the  slope  is  taken  (°K) 

12.  Climb  and  descent  performance  data  were  reduced  to  general¬ 
ized  parameters  to  provide  a  format  for  computing  performance  at 
any  specified  climb  or  descent  conditions.  The  following  para¬ 
meters  were  used  to  generalize  the  climb  and  descent  data: 

Generalized  power,  variation  from  level  flight: 


P  1  5 

GEN  0.707Ct 

Vertical  velocity  ratio: 
v 

V 

WR  =  - 

£1R/c^72 

Forward  velocity  ratio: 
VF 

FVR  =  - 

flR/c^72 


(14) 


(15) 


(16) 


t.  62 


Where: 


Cp  =  Climb  power  coefficient 

c 

Cp  =  Level  flight  power  coefficient 
kL 

Vv  =  Vertical  velocity  (ft/sec)  = 

Vp  =  Forward  velocity  (ft/sec)  =  1.6878  Vj  /  1  -  V^ 

1.6878Vt 


13.  Climb  power  required  for  any  condition  can  then  be  computed 
from  these  equations  by  determining  ACp^  as  a  function  of  VVR 

and  FVR  required  for  the  specific  condition.  The  level  flight 
power  coefficient  (Cp^)  was  obtained  from  the  nondimensional 

level  flight  performance  curves. 


c  =  cp  +  AC  x  0.707c  1,5 
c  L  GEN 


07) 


14.  The  climb  power  correction  coefficient  (Kn)  can  be  derived 
as  a  function  of  dimensional  and  nondimensional  terms  as  shown 
below: 

Dimensional : 

AV 

_  _v_  X  GW_  (18) 

^  ASHP  550 


Nondimensional : 


X  C„ 


(19) 


Where: 

=  Vertical  advance  ratio  =  Vv/ftR 


15.  The  weight  correction  coefficient  can  be  derived  as  a  func¬ 
tion  of  dimensional  and  nondimensional  terms  as  shown  below: 

Dimensional : 


AV  _,2 

„  _  _ v  x  GW 

\  ~  AGW  550  x  SHP 


(20) 


Nondimensional : 


Ap  c_ 

y  _  V  T 

w  ~  AC  x  C 

T  P 


(21) 


Engine  Inlet  Characteristics 

16.  Engine  inlet  temperature  and  pressure  characteristics  were 
obtained  from  reference  19,  appendix  A. 


Shaft  Horsepower  Available  and  Specification  Fuel  Flow 

17.  Shaft  horsepower  available  and  specification  fuel  flow  were 
obtained  from  Lycoming  Engine  Model  Specification  T53-L-703 
(LTCIK-4G)  No.  104-43  by  using  computer  program  file  number 

LS  19.04.32.00  dated  1  May  1974  (ref  21,  app  A),  and  the  inlet 
characteristics  described  in  paragraph  16. 

18.  The  referred  terms  of  the  engine  parameters  were  used  to 
compare  the  test  engine  with  the  model  specification  engine. 

Data  on  shp,  measured  gas  temperature  (T7),  fuel  flow,  and  gas 
producer  speed  (N^)  were  referred  as  follows: 

a.  Referred  SHP  (RSHP): 

RSHP  =  — -~P—  (22) 


b.  Referred  measured  gas  temperature  (RMGT) 

T 

RMGT  =  -J- 

0. 


(23) 
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c.  Referred  fuel  flow  (RWF) 

Wf 

RWF  =  — — 

SA 

d.  Referred  gas  producer  speed  (RN^) 

Ni 

“i  *  /e; 

Where:  _ 

6  -  T' 

6l  '  737697 

Tl 

el  "  288.15 

W^r  =  Engine  fuel  flow  (lb/hr) 

PT  =  Engine  inlet  total  pressure  (psi ) 

*1 

T1  =  Engine  inlet  total  temperature  (°K) 

N-j  =  Gas  producer  speed  referenced  to  25150  rpm  (percent) 

Pitot-Static  Calibration 

19.  The  boom  and  ship's  standard  pitot-static  system  were  cali¬ 
brated  by  using  the  pace  aircraft  method  to  determine  airspeed 
and  altimeter  position  error.  Calibrated  airspeed  (VcAl)  was 
obtained  by  correcting  indicated  airspeed  (Vi)  for  instrument 
error  ( AV-jC)  and  position  error  (AVpc).  Likewise  pressure  alti¬ 
tude  (Hp)  was  obtained  by  correcting  indicated  pressure  altitude 
(Hp.)  for  instrument  error  (AHp.c)  and  position  error  (AHp  ). 

The  altimeter  position  error  (AHppc)  was  calculated  using  AVpc 

and  assuming  all  errors  were  introduced  at  the  static  port. 


(24) 


(25) 
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V,  +  AV.  +  AV 
1  ic  pc 


(26) 


CAL 


H?  "  Hp  +  ^  +  AHp 

i  ic  pc 


AIL,  *  AV  x  — 

V  Pc  ° 


eif'-'MT’ 


(27) 


(28) 


Where: 

a  =  density  ratio  at  the  indicated  pressure  alti¬ 
tude  corrected  for  instrument  error. 

V.  =  indicated  airspeed  corrected  for  instrument 
error. 

aSL  =  speed  sound  at  sea  1 evel  (kt) 
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c.  Referred  fuel  flow  (RWF) 

Wf 

RWF  =  — — 

d.  Referred  gas  producer  speed  ( RN^ ) 

Ni 

“l  ■  /57 

Where:  p 

,  .  Ti 

61  1057 

T1 

el  ‘  288.15 

W^  =  Engine  fuel  flow  (Ib/hr) 

PT  =  Engine  inlet  total  pressure  (psi) 

'l 

T.j  =  Engine  inlet  total  temperature  (°K) 

N-j  =  Gas  producer  speed  referenced  to  25150  rpm  (percent) 
Pitot-Static  Calibration 

19.  The  boom  and  ship's  standard  pitot-static  system  were  cali¬ 
brated  by  using  the  pace  aircraft  method  to  determine  airspeed 
and  altimeter  position  error.  Calibrated  airspeed  (VcAl)  was 
obtained  by  correcting  indicated  airspeed  (Vi)  for  instrument 
error  (AVic)  and  position  error  (AVpC).  Likewise  pressure  alti¬ 
tude  (Hp)  was  obtained  by  correcting  indicated  pressure  altitude 
(Hp.)  for  instrument  error  ( AHp . c)  and  position  error  (AHp  ). 

The  altimeter  position  error  (AHp^)  was  calculated  using  AVpC 

and  assuming  all  errors  were  introduced  at  the  static  port. 


(24) 


(25) 


65 


(26) 


V  =  V,  +  AV,  +  AV 
CAL  i  ic  pc 


Hp  =  H+  AH  +  AHp 
v  *i  ic  pc 


(27) 


AH?  «  AV  x 
pc 


5S..566  Zlc  L  +  0#2(!i£.¥l 

CTs  aSL  L  \SL/  J 


(28) 


Where: 

a  =  density  ratio  at  the  indicated  pressure  alti- 
s  tude  corrected  for  instrument  error. 

v  =  indicated  airspeed  corrected  for  instrument 
i  c 

error. 

a  =  speed  of  sound  at  sea  level  (kt) 


66 


* 


APMNDIX  I.  TIST  DATA 


INDEX 

Figure 

Summary  Hover  Performance 

Nondimensional  Hovering  Performance 

Nondimensional  Tail  Rotor  Performance 

Climb  Performance  Summary 

Generalized  Climb  and  Descent  Performance 

Forward  Flight  Climb  Performance 

Variation  in  Rate  of  Climb  as  a  Function 
of  Thrust  Coefficient 

Nondimensional  Level  Flight  Performance 

Level  Flight  Performance 

Long  Range  Summary 

Maximum  Endurance 

Autorotational  Descent  Performance 

Control  Positions  in  Trimmed  Forward  Flight 

Maneuvering  Stability 

Simulated  Engine  Failure 

Vibration  Characteristics 

Referred  Engine  Characteristics 

Intermediate  (30  Minute  Limit)  Power 
Available 

Specification  Shaft  Horsepower  Available 
Specification  Fuel  Flow 


67 


\ 


Figure  Number 

1  and  2 
3  through  8 
9  through  12 
13  and  14 
15  and  16 
17  and  18 

19 

20  through  24 
25  through  42 
43  and  44 
45  and  46 
47 

48  through  51 
52 

53  and  54 
55  through  63 
64  through  71 

72 

73 

74  and  75 


■•••■  IMMMMt  •  ••*• aaaaa  aaaaa aaaaa  •••••»•••  MlUXUt  UHitMM 

!232  2332222: 22:222:28  2:23:223  32*2:33  •••  .•—::3::::::3::2::::::2:83::::2223:::::::::33::::! 


•••••■••••••••aim 

•■••■■•■••■••••■■I 


12322222 


twtfiiMMiiwtii 


iKess:sn:st: 


:::::::::::::::::::: 
:::::::::::::::::::: 
I:::::::::::::::::-: 


i  •!••«  ■■•••••SSI  •■•< 

MSS!  »•••■•••••— m 

»«aa.  aaaaa  a>ai 
H.llUS.JSlUB.illl 


:;uu»ssnu:u»£ 


SisS 

sSSF 


.aa^ias*. . . 

liitiintiiitiziziv, 

I  aaaaa  aaaaa  al 


a  aaaaa  a< 
>aa»aaaa« 


I  a aaaaa  aaaaa aaaaa al 
•  ■  •  ■  a  •  a  a  a  a  a  a  a  aaa  fi 

!2 2232  233 2223 2! 


8222322822! 


iva 


» *>  ■*  ■ !  !!!!!!mbm  32222223  22222 22222 1 

-22222222222223  222225222222222222221 


!  2222222! 


12222222! 


.........a. 


ivSEHS 

isSclas 


;•  882823 2223  s 


22253! 


2  233323522322232325322a  22232! 


is-m 


!• 323  3232! 


!■  22222  22222  2222!  2222222222  2! 
12323 2223 2223 2322 2322 2! 


IIHffr. 


3323 833338 

•iiMaWMiiiwiB 


333221 


3222222! 


5222328228828 

unfa  •  •  a  a  a  a  a  aa  a  a  I 

22:222:22;  2! 


igg  •■••■>#•#■  m 

!••••••  ■••■•••••«  W 


>»  **♦»»»•»»  I 

!:s:222 


ins 


iiHiniiiiiiiii 


■122223  233  2223  22233222  22222  223H 

ra aaaaa  aaaataaaai  ■••aaaifWaaaaiaaaaaaaaai  —aaa  aaaaa  aaaaa  a» 

•a  aaaaa  aHtaatHi  ni«iiaaaa»«a»aiaaai . . .  m 


■  32223a; •  222222252!  •••••••••2— — 25322f3l3f3< 

■  aaaaa a aaa a  mniaaai  »a»a««talim»WiHiWiitH<if' 

■  ••••••••••••••••••••  •••••••««  •••••••••■  ••••••••H 


522338W 


I •••«••!••• •■••••••••  •••••••••• •••••••••• •••••••••I 

I aaaaa a a •••••••• aaa •• aaaaaaaaaaaaaaa ••■•••••■ #••••« 

1  aaaaa  aaaaa  aaaaa  aaaa-  . a  a  aaaaa - 

•••••aaaaa ••* «» •••■>  •••••••••• aaaaa aaaaa •■■■••• 


::::::::  3:3:.:.: ;; 


:::::::  iii 

>••••■•••• 


iyrPW!r??Tr?r;!2n^ 

v  ■  >/,* KV; a  * :: :  5  23:  s  e. 


|H3sssSirs«sn5is5sSisKK|nHsHHHHis5is::sss!Hn:£r:.:..i..;.!iiL*lij*»;ti!4H;ii|ii  ri^,i»:.UU-’.iiJ:;_:iissssiHnsssHsnsHssaBK 

lawss:KM;u:::::sK:s:::!:s:::aKMK::s:::::ai:KKt:Ksrr;i.“,Kri“K“rtrr!f.»^K*?*"r^r“-r.Ktn:::uiM»K::sKKsattSK 


2'mmE 


»«»»»«  MMUMH  ■»«»■»«»»»  »««tM«««l  »>■■■» 

.  ^aaaaaaa  aaaaa 
«NM)INHH(MUUIU>HIM  .  <  •  •  K  'titatU  Mail.' 


>a  aaaaaaaaai  i 


:,jsc 

•  ai  a.  aiaaa  .  .  •  .a  a  ibi  •  >  aa.aa.ni  «  .aaa  .  >  «aaaaa 

■3i.q^ai>.ui.ii2Mw2g 


ITI.r*r>»'«SS8 


I!SSmm 


ss»:s 


~rHli 


l^^^iHHi^nS^iH5iHnii5^.:r^K5nH;Tai5n^L^SSSSig4-Hi:-i5;ini:S5S5!H5^-^Si:Hi555^^£ 

|!»aa«aM«  a  .  a  ■  ■  M3S5?SS»«aaa5aaaaaa»aaSS?aagaSaSaSaaaa»aaa*aaS?S?1ga»aaaIaaa  aSSSaaiSia  aaSaaaSSSaSSIaaaaaaaaaaaaaaaai  ----------  -?“*-*-** 


SSW«! 


Ittaicngtaii 


iimsHiB 


BB 


l^fggS: 

I  wiaiSS ffiHW?  Pi*  . wMagMajjj 


tml 


m? 


3SSSSS 


;s:ss 


I  111 


ira 

: 


siijiiUiHii 


s5~nS 


aaantgg 

gggggii 

gasns 


:!5~:S 


WMB 


BWm 


iggS 

:r:s28 


:::n:K 


sanaas 

ississ 


:mni 


m\ 


m 


mi 


iiisis 


IlHillillilHiiHH  i 


•™5= 


mi 

sSE?  • 


bSHHk 


3HH:r 


mm 


i:=a= 


.2  *  —  —  7?  *  -  ‘*77  ?????  27!  17  7*???  7 7777  7 7 777  777 L  *  7 j 

•  •  ■•»■»■»  . mi  aiaaa . J 

^B&isaaagggKaaiggtli 

imiimHiMiiiimwiiMMMMiMMMaw'ww 

IMgMMBgBHBMM 


m 

:nn ik 
VJ~z, 


:nanS 


bK-}fawtrti;^aa::aa^^a»^^^^s»^^^aMM8g^:g»ssg;.iga8gs«Ks:ss:;gSKg:KisaaiHaggas8ga 
■ma  :na  :ar  :g:a:::::::::g:!naaa!!tgaaaggaau:naSgagasgaggs:::r.gaa.  a  agaa::ar.:na  ::gga:aaasgaasc 

I  ,  .....a,  aaaaaaaaM.aaaa  *< - - - -  --- 


I ::::::::::  ::r:rs::  igiiaaiaaigiaaagjgaSgaaiaagagaaggsgnsaaagraagaaa:  2i!:ca  aesa  sara::  anas  aasa  2 
| :«s:sns ::zzsu sa; ;acf :t ; : r :15sS shSr ; : : ;rt«8 ataFTT :  ;  ::dggs::i  s  tsssses:::: •. : : s ::5»a«:y.!:r,js 


iHiHSHlSSiSnraahhhsiinnsHShsglaSrsSgHnirHsSihaaSsrisrHSigSsgrfatrSfffiiiHSniHrftrirHSHigrrHgnfiKfyiBHisSingSTSgHnyyrrrfgngHHgHsHSiiS 
liiissaaaagggigatg^aa^asagagtgKKgiggaagicgasgggaggnmKgnaraggnirgggggsgagatgag 
faMMMM^.yga:;agagaa;:a:aaagaa?ri’:-;'gr?"r;‘r:r:y:,^,rr?T;r..,agaaa;g;gngi;r.:ag;;aagnKgs 

(aaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaal  '»  •  a>  a  aaa  '•  >■  -.  i  aaa  i  <  ■  i  ■  a«  a  aaa  a  a  a  aaa  aaa  aaa  a  aaa  a  aaaaa  ana  aaaanaaaaa  aaaaa  taaaa  aaaaa  M 

[iaawa.HwMiwiaiMaaaatwMMaM^taMaM^'int^  ^  i^aai.  aaa^  T  .?■  ir  Vaaar  I’.l'  !m!m  !!»! Shm  »g •!•!!  g!! mS»  IIIII gal  mS SSg  « 


l::aa;a 

fT*:rii:rr 


m 

’rX[ 

N 

XT 

:::: 

'4+: : 

IGENEi 


INDICATE 


'  J  jiliilU*  -iBL 7; 


Q&iSiims 


HBglBBHMHMIlMMMMMMBil 


m 


m 


saws 

•StKS 


!‘”Us 


Krjsa 
"■Mw  m?I!  !!!**  *?!"!!^ 


ISEiEi 


iiiliSSSa 


SSSSsS:  aSSSSSS&Susma 


li^siaagSiSiliriiriHaS^^HgjgUjSSHSS^^ppppI 


3“«i  sh^Imm  j 

SBBSaiaHiSSsS! 


laaganiWBgM;  ssser:;.s:s:sks:'«  .aa;ag;aa;3igSBa:r.gg!gggpg5!aH!a!!!!;!gagHg?g?:g?gH??ggg!g?*?*??wg»gj,??»^|H>g**»*» 

fmmmmmmmmmmmammmmmBmmmmmmmmarn 


55:Hn:::  5:::  :::::  I 

issasssKSaaSsssal 


IHIHilHiBlIiilllHBItBSMBB 

wmmwmwmmwmwmwm 


iBBHKBBBSHg  -eg 

iBiSHBBIilSHHIiiil 


iBBBBBgasga 


HnflBHfPIHilBIlBBii 


\ 


[5BSiBHHH8»HSlBnigl; 

IHHHiHHNfgHSHr#* 

iIESSaaliillllSiiggi 

IBVWBHISBHBBliBBBB 

IVfWHBBHHHBHHHHH 


ruM-auciai 


mill  1 1  II  llllllll 


maESBBBtmmmBasm 


76 


|r?fpnpjpi 


hSbHbSBhmhBhhebb 

aBBflBBBflBflflflBBBBB 

mmmmmsmm&mw’*  mb  a 

■pMBBBBHBBBSBBBB 

IBflfiflBflflBBBBBBBBBBB 

IBBBBBBBBBBfflB!ilSiBBBI!i 


IBBBBBBBBBBBBBBBBBBimHiBBBBBBBBBB 

iBBBBiiBBSiiBBB3mBfliBMimlSiiiBBBB 


MBBSIBil 


IliSiHillii 


HBggsiasiSiiiiiiBBiiBJ 

SliiSIHiiliiiiili 

mmmmsmmBBssLx 

isSsaajSBaeiaasgB 

■BgjmaBaBBMHB 


Rp^  iiiiimiiBBBrirrTnTiai 

iiilllllllllllllllllllllllllllllllllllll  1  li  I  T  Hill 

MasaBggieBrA'-jiBgsst. 

aaaoKHBBaBW  ■ 

smaamsEsmmm^^  ,  ■■  I 


ilBBSPI-llipBiiiBa! 


mmm 


79 


\ 


■HIBS^SPHS 


I  iBlilll»lllllllllllH  ■IBHI 

iBHHMHIII 

BB&BBSBSBQ 


mmSSaSSMSSBM 


-  - .... gHMMMIIMtmllllll 

. . . 

•••••• ••••••*•••••• ••••••• 


••••••••a 

••••••••• 


•  IIMMliMlIttMiatltltMl  I 

- ••••••■  iiimimm  aiaMMitil 

-jtaaaaaaaaaaaaaa •••••••••••••••••••»■ 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatan  ■ 
••  ••  »•••■  ■  •  ••  a  a  laaaSaaSSSSaaSSSaaaaSaaSaaaaaatal 

i ■<  i  . . . 1 

•  ••••»•  ■••■•■aaiMaMaaaaaii.Maaaaiaaaaaaaaiaaaaaaaaaaiaaaaata  •  ••••■ 
•••••••a laaa.aaaaaaataaaataaaaaaaaaaaaaaaaaaaaaa iaaaaaaaai •••••»».*.  ■ 

- --**••»••••••••••••••••••••••••••••••• -  - 

•  ••  a  baa aaaaaa  aaaaaaaaaiiaaaaaaaaaaaai _ _ _ ,  _ _ _ _ ... 

- - - ----I -  taaaaaaa  aaaaaaat. 

aaaaaaaa . . 


•••••••• aaaaaaaaai aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaa 

. . «SSM  Si M  h?w!!!i!II!i!n! !»!!?!?  Illi 

aaaaaaaa* ••aaaaaaaa ••  •  ••• . •• a* aa aaaaaaaa ••••••*••• •••• 

i  aaaaaa  a  ••  aaaaaaaaaa  aaaaaaaaaa  £•••••••••••*•••••*•  aaaaa  •••■■••••»•••••••••••#»■»....«>■.•...»*.. —  - !_'!!:?!  ■  •?  •'••aaaaaaaa  »  <  '  r '»  ••••*•••••■•• 

I!:::::::::)::. ; 

aaaa aaaaa aaaaaaaaaa aaaaa aaali aaSaaaaaia aaaa • aaaa a  aaaaaaaaaa aaaa* aaaia ••••• aaaaa •  ••]• •  * 


j aaaaa aaaaaaaa aaaaa aaaa.. ....... 

•aaaa aaaaaaaaaa ia aaaaaaaa aaaaa aai 
•  •  ••••  •  aaaaa  aaaaa  aaaa  a  a  aaaa  aaaaa  aai 

• *••••• aaaaa  taaaa aaaaaa ••••••aaaaa. a.. a  a*. •••-.. 


•  aaaaaaaaaa*. ■ 

-  iMMaaaaaaail 

•» .»*••» •*••••••••■ 


•  aaaa ••••••••••  .. 


••••••aaiaaaaaia aaaaaaaaaa aaaaaaaaaa 

•a aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 

-  -  , -ia# •••••••••aaaaaa  aaaaaaaaaa  aaaaaaaaaa, 

•  aaaaa  aaaM  ff§Sf  ffiM if  iif  aaaaa  aaaaa  aaaaa 
••••■•aaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa 

.•aaaaaaaaaaaaaaaaaaiar--- - - - - 


M 


■  aaaaaraaa  aaai 


.aaaaaa •••••••••• I 

•  aaaaaa  aaaa  a  aaaa.  ■ 
1  •  •  •  •  • 


BSiSifiHHHMB 


giiiiis 


\ 

L 

. . _ _ 

mmmwwmmmmm  i 


:::::::::: :::::::::: :::::: 
i::::::::: :::::::::: :::::::::: :::::::::: :::::::::: 


im7  !..T?rR-"’  ->  .  »“7  'FiZiaSSSi  •£•>■•••*!  I 


mnmm 


I::::::::::::: 

>«  ■ 


. 


h;  i.i -nnn 


HiiiBMHHHHnrT^rTrrirFrirrrrrrr^BHaaHHHHinHH 

WM^aai4^aaBB^^BBPu^aBiLM;aBUi.^aa^aaa^^L,^iiLa 

B^^fl^BBBIr^Bfl^baflyiidiUifl^^HiflaBBBBBBflBBfl 

BlTh^fllr'rBBBBtfnBfl^^flBr^rBrlrBBflflflBflflBBflBfl 

BESDIBTECrmBarigSIIiBCEBB^ailB^lJljBB^JBBB 

BP  III  Bll  Bill  Bill  BHWBBWnillllllllMllBlUMBlI—llBBIIBiBMB 

PKPPB HBBBflflflflBBBBflBBBBBBBBB^B 


Lo>: 


inran^^r^BaTBfanBBBBB 

■BH3I3IIK3^CBBBBBBB 


'LBBflflB  hBrl 


IBBBBBBBBBPg^BBBBBBBBBBBBBBPBBBBPtlBl 
IBB  BflBBPr~!2ili  BBBBBflBflBBBBBflBBHHfifiSHB 

\mmvzz*mmmmmmmmMmmmmmmmmmmm 

IBB  BBflBBBflflflflBflBBBBflflflBBBBB 


PiBESSSSSSSSSSSSSSSSSSSSSSfll^lllHi 

Ifll^BBBBBflflBflBBBBBBBBflBBBBBBMBBflBBBflBBB 
THil BBBBBBBBBBBBBBBBBBBB W 
Biiii  iiiiiiiifliaBBaHBBBaai 


amesaBi 

&±±Mwim 


■■■■■■■■■flBBflBBMBBBBBBBBBBBBin 
irflBBflflBBBflBBflBBflBBBrriflflBflflBBBflBflBBflB 
IFBBBBaBBBBBBBBBBBEaiBBBBBBBBBBBBBBBM 

mammmmmm wmmmzmmmmmmmmwmmmmmmmm 


IflflflBBBBBflflBflBBflBBBBBBBBBBBBBBBBBBBBBB 
BBBPBflflflBBBflflBBBBBBBBBBBflBflBBBBBBflflBfl 
IWifiBirTTiBiriBBnnBinnMriiTnB 
■■■■■■MIIIIIBRIIBHHHiiBflBd 

LliiJQLliiLiMSIlLli 


sssssisi^s^mHB 

S3S8888H^^ii^«858B 


3888! 

■■■■■ 

a  IZ2l-.ul, 


■MtiHfll 

WEZ1M 


WBBTiSlWSiil 


8888S388SS8S3 

88888888888888 


GiaEIISilB&IIEEl 


»^p»^asmmrrT3ir,n«r!rr.vnT.!Trp|^iiHUHHMmH 

■■■■■■■■■■■■rrvrrirrrrrnnr^WHBHHnHH 

18IHH88IHHK^ni!?’i1R^r?1,llTirTIHIIIIIIIHI 

Mas»^^®paiipri^rTTrirT^rTr,rrr!Tri»ii»BiBi*jgiiK»i 


MmmmmyttmnnMMizm 


■limiBi 

mt^rnAmm 


BBBBBBBBBBBBBBBflflBBBBBBBHBflBBBBBBBBB 

Iflflflff'RBflaflflBBflBBaBBBBBflBBBBBBBBBBBBBB 

Baa  Mr  rtmmw  unar  war  ibbr  naan  rmmrt  naan  dbb 

IBBBBBBBBBBBBBBBBBBBBBBBHBBBBBBBBBBBB 

!BBBBBBBBBBBBBKLZ!3Q[I^!li»iIC2lLlBBBBBflBBBBBB 


S53SSs:s:sr^r?”^’”SBBaiS£|£ 

SrnrtSt?flSS£^SSr^fflr^Sr;^3SB"BBIIB"IBIB,BI,B 

s^ngsigsMsaas^^ 

Paawwil^BS^B5^SS 

■f»BalBBBBBBP»BMMBBBBB8MBfiB8BB8BBMMMB 

■■■■■■■» 

|jgi»^ii^^i$iC5Sn 


BEliii»flBBBBBBBBBI 

BBBwiBBBBBBBBBI 


B83SSS8SSS8^^H 

wSKaanagU^m^BSS 

8f8S;8888SS888S888SS88S88^8S88S88888 

81888888888888888888888888128888888888 

■BHHainH 

rSS»*"8S5SSS55SS"SS"BBBB| 

F8U8gWHmHHKg 

S8S8S! 

ndHIHHHHIIII 

sssasasiiilSSSSB 

flflflBflflflBBBBBBK^liailltiiaiXlLCBBBflBflBflBBflBB 

BBBBBBBaBBBaaBBaBBaBaaiBBaBaiBBBBBaaBl 


f'rrrJirnPTrB'nTrTrTra'- 


mmmmmmmmmuummmmmmmmmmm 

imehhimi  MSsii^^^^aBSMii^rrr  ^F^li 


•»77* 

..cs: 


i  i.m 

r^w 
wKm 


W&mmwrnmmMmm 


fc  mmmmmmm^mmmmwMmmmmmmm 
WlPPBWMMBPaiiBWSrwrS^ 
ft^blilKR!iilllllS3^i0^11Bll 


mmmmnmz'zmmmmmmmmmmmm 


iiPP^I 

8$Kftiffti*~« 


mmmEz.mmmmmmmmmmmmmmmmmm*Mf:m\ 

^ailllHRIIHHIBlBKSliRB  IB^ff 


*®\ 


mmmmm 

liHiiil 

mmmmummmmmmmmmmmmmmmmmm 

■■■■■HIBIIlRHBil^iiSi^^^Ml 

BRBRRRRRBRiBBBiBiBil^^^^iBR 


■rffPPfIMM 

mviimmmmmm 

mmmrnmm** 


■■■■BIUHmHBHRBIBIHHSeHKfiKSHS 

Ks^SifliHBHHRHIBHHHlllRIHl 
lllliillllllgllllllRIllgllRIHIIllRllli 
■■■■■ ■■■BBBBBBBBBBBBBBBBBBBBBBiiBBBlBl 

■■■■■ 

\nmmm*m\ 

iS 


BBBBBBBflBBflBr*irr~rrrrirr>r’a1BBBBBBBBBBflfli 
■■■■■HiHiHi^^nr^^r^nirirTiiiiiHHiHiii 
ffiHHHHHHMHrirrTrrirTrirr^rrrrrriHnHHHHHKu 

B^M>B^*BBBIr^&B^inBBUtfBB^*BiaBBBBflflBBBifl 
Birg-i^Mi-rMaia^rfrta^BrTrB^r-flBWBBaMBBgig 

BBPPBBBflflfiflflBBBBBflBBBflBBBBBflBMMB 
BEINiiiiflflCIilSflECIEElBliaflflBBBKaSS^SBI 

PGPPBBBflflflflflflBBBBflflBBflBflflflJSiAMHHHNMH 
£ teBPB BHBHBflBBBHBBBBBBHBBBUHBBBHBBBBBI 
gvPPBBBBBBBBBBBBBBBPBBfBBl^B 

■flflfl 

B£:IsHsshsBBB 

ESlfB^^r^I^BTriBBBBBBBBBBBEl 

sMHSsBBanfssBBsay 

iBBBBBBBBBgBBBBBBM 

B— — —j—g—BB— aBBBBBBBBBBBBBBPtll 

EBBBBBBBBBBBr  ■ 


8 gra 

IlflBBBBBBBB 
B  FBBB BBBBBBBBBB 

miM*m  mmtrw'mmwxMm 

IfciBBB  BBHESB21EK1SI 


IBirjSBflltttttttBB 
IBiBBBB 

■bibbabb! 

KKBBBBBBBBBB 
HBQ^EiflBflflBi 


BrBBBBwSliBBn! 
BFBBBBBBE2PBBI 
Bit  BPB  BBBBBBBbi 


flBBPir  IBflr IBBr IBHr ' 
BBBBBBBBBBBBBBBBBI 


iaai3n[iLi;aaii3:Q]i 


^■hbbhbbhh 

I  BBBBBBBBBB 
IlflBIBHHBH 
IflflflBBBBBfl 

IBP  ’IBBIT  HABIT  HBBBI 


BBBBflBflflBBflBr?*rrffrrrrcrrrT'iBflBBBBflBflBBBi 


SICniHQEiXESgBEEHB; 

MPflBKBflHBnBBBBBil 

t3$B~afflreffaBBBBBI!»iir! 


IKiWBMBB^SilftftaflflBBBBBBBflBBBBBBBfiBBBSBOB 

lBBR«iaaBBBBBBflBflBBflBflPP£»«iBBRBBBBBRBiKB 

|Bflli«iiIflBBflBBBBBflflflflr5ifcBBflBBflflBflBPBBBI~B 

IflfliBBBflBBBBBflBflRlEiMBflflflBBBBBBBBBiSPPtaB 

IBflBflRBBBBBBBBL.ilflBflBflflflflBflBBBBflBBBi!«ito£jri 

!BflRPaBBPP,,'£5iiftBBflBBBflflflBBflBaBBBBBRBBIggTB 

IBEIi«itiiflB3iMaBBflflBflflflBflBBBflBBBBBB£BBBBLPl 

IflPflBilBBBBBBBBBBBfliiBflBBBBBBflBflBBBPPFrB 

IBf?BHBHBBBBBBBBBBBBBBBBBHBBBflBBBBBHiiiieB 

B^nPBBBBBBBBBBBBflBflBBBBBBBBBflBBBBBBBBl 

IHPNPiiflBBBBBBflHflBBflHBBflBKaBS^irrKi^^HBflBI 

IBFBBBBBBBBBBBBBBBBBBBBIt^BBXi^E^iaBBBBBj 

Ifll^flBBBBBBflBflBflBflBBflBflfl^lMflBB^lIUiJBflBBBB! 

BrRPBBB^fS^inV^TTnrrnBBBBliiflflBflBBBBBflBBflfl! 

aBrUMtfRBBiiL^ft'Jil^ZIEBBBBBPaftBBBBBBflHBBBBBB 
kflBBBRBBBflBflflBflflBBB^JBI2!fr^rT^Vr!rrBBflflflBI 
B^BBBBBBflBBHBBBBBBP^BBBB^H^JBflBBBBBBB 
BIiBBBBB:lBBBBBBBBBBSaiilBBBBBBBBBBBBBBBBB! 


!S£E 


yip  “r»  rr  *: 


< .!»;  it  ;i  itc  4 


mmmmmmmmmummr^rrw^rrw^w^mmnmmmmmmmmmi 
HHHmM8iHur^rTrrirrnir*>irr,rr?r,,iHnHRHHHnHl 

BcZZaC^CCIIDlBOrX^EIillKEHHIiiBiIRS^BlSl^^H 


555ISs!MBsia 

BaaaBaBBSBBBBaBBaal 

PHflflflflflHHBBBBBla 

SSBBpSSBBflBjjU 

HBBBSBBSBBBflil 

b^sbbbbbbbbB 


■F!9l«RHBiZ£] 


■ccsiiEQffisiaB 

■■■“  sLRu^syRUiURiiiiiw 


1^5 


MUfMIRIIIIIIIIIIIIIIIIHI 

iJiailllHHIlHIIHHIIII 


iiiinn 


■■■■■■■■■■■■■■■■■■■■■■■ 
■■■■■■■■■■■■■■■■■■■■■■■■ 
!■■■■■■■■■■■■■■■■■■■■■■■■  I 
!iiiiii|iiiHniiiiiinii 

■Hn  mart  namr  nai m  *mmm\ 


iCaQIIiaaillltll 


■■Bs^sy^ssaaiSE 

HBUSK'^SPWt- 

BBBBiaiasa:!— I 

33BH8KS3Baa 

BB«nKiililiiiiiiiSllBnnSd 


^aBI.LJLL— iiLJil 


mMm 

Hrhrtl 

mtmm 


wmmmmmmmmmmrrrwvimmw 


■wwrvfvmiiiiiiiiiiHii 

■irr^ri^^r^^rr^K^r^riHHnHnHHSRHi 

IBHnBfr?3ffBr^jrc«rr<!^tiBBB£iilBflBBBBB 


;I  Lfctt BBBBB BBBH|pBBflB BBBBBBUUHB HHBBBB IS 

*C|iii*BflBflBflSBBBPB£«S£flMflBiMflBBBBflBB 

B3=PBB3BBBBBBB!W!siSiBBBBBBBBBBBBBBBBBPB 

pPliBBBBBBBBBBfl^BBBBBBBBBBBBBHBBBBBAiiir' 

H’^PHBBBBBBSiiBBBBn^^BI^BITrB^ffBBBBBBBI- 

R*tftiBBB*5BBBBBB£^7?'Vftn*?9HrBflflBflflBflBi: 


tMrntmw 

IPBBBBBi 


IiJjLJBBBBB*BBR£LJ~_L_ILB 

■BflBBBBB’lflBBBBUs^JflBBB 


bfbpb 

W838SB 

BFBBB BBBBBBBBBBI 
BFB«BBBBflifi3HmS 
BBBPB  BBBBBBgflgB! 
BBBBB  BBBBBBBBBBI 
BBBBB  BBBBBBBBBBI 
BflflPB  BBBBBBBBBBI 
BBBifiBBriBBrigi 
BBBBBBBBBBBBBBfl 


IBBBBBBBBBBBBBB 

IBBBBBBBBBBBBBB 


5c*pStiM 


mmmmmmmmm 

■■■■■■■■■ 


mmmmmmmm^w.rnH^^m 

wmmmmmmzzxmwm'ntowi 


mummMmmmmmmmmmu 

■»MHffiMffi9tPHMV 


BBSB9HraMHHHMHH!niinRRIHRn!iiSill»HI» 

!IHIIMHIHHiiiiHilHIIiiiiiiHIIi 

«r,iiMriiHHrRHBRnHHrrnaRrr<iRMR?iHni 

■nMW«n«nniRRRRilRllRRRRR)lRIH8K8iiS 

■■■■■■KDSlIEZEXlZZE^HRRilHUIRRHMBH! 

BRMHUHRUMRRRRHffiHRiifliilRiiRiiRlffiililSgiRI 


**r*  :»«r  w  *«fw  r*r 


!Brh<HiHfir~faHHftMaairr^Hff^fS«rri!ritfHBHHnHaaRaad 


■■■■■■■■■■■■■■■■■■■■■■■UiiiiiB: 

mmmmmmmmmmmmmmmjt>rA**u*u^m 

nmmmmmmmmmmwmmw&mimmm&mumm 

■■■■■■■■RI’SillHBS^^JBIIIII 

llBIHIHHI]illBIHBIBBBBBH|!|BI 

iSRflBBrSflBRBBBRRBBBBBBBRliB 

BBiS«iRBRBBBBBRBBBRBRBBBBBB 

■■■■■HRHinMUnnHHHHH 


^^wssamni 


’*»*’  nw  «ro:**r 


B£liiiiiflHB3iH! 

K^PP*8HHMS 

WCIitiiiHHHH 


^■■WiBi!MHHHH8H«Hffi 


w#mm 


s 


KM 


■BBflBBBflBBBBr?!irrrrrrcirr'iiBBflBBflBflBBflBBB| 
IBflBBBBBflBBflT^nHTWfilTtRrTCnaTTRTIBBBBBBBBBBflBl 
IBBBBBBBBflBfl(IgEX:na3H£:ZEr;E$LlBBaBBBBflBBBB 
IBI^aBta^flflBl4tfBBIk&Bfllk&BBui^BB^BflK;^JLL^}i  LJMI 

HirihiNHli^mnriinSirr^Hfn^VrnTfttfHMHMHHMH 

HCi:iaEI:BI[i:i!]SBQE3:EGI[a8ECaBIlZ3Bi2Ii3HiIi:38BHH 

laBapaaaBaaaaBaaaaaaBaaaaaaaaaaaaaflBaaBi 

IBCUiiilflBE^aESXEESfEBBBB^ESIEI^SSBBBflBBflflflBfll 

PGPPBBBBflflBflflBflflBflBBflBBBBflSlBBBBflBBflflflfll 
IE  ZMmt*  BBBflflflBBBBBBBflBBBflKWK  WBBBBBBBBBBi 
IE-KBP«BflflBflflBBflflBBBrBi£5SiMM£ii£^VBBBflflBB! 


MFMmmmmmmmm 

IBBBBBBHBHBfl 


■r:BPBBBIOT?Wila,.!33niB3??!WI 

IflbBiailiiBBQiEXill^SiiEXaBBj 


Jliu^ULLiJBBB 


m 


\ 

1 


LONG!  RAN' 


1 

- f 

i — 

- 1 

-J 

j _ 

Zj 

_ 

m  — m— •  .  .  ..  r  •  ,  mm  •  i  ■  .  imm  ■  i.m  .  tmmm  ,  M  *>  •  ■  i  ■  •  mmmmm*  —mi— i— mi  i— —  —  u—IMM  n— — ai  iMli  ■ 


icEEEcacxaE 


Ifotfl 


I-4A 


im&ttrn  m*c 


■iiiiiB^EcrTiMacxEn: 


F-SP1W 
!«!■ 
5J=P 


EMM 


irsi 


KUPitfl 


!■■■■■■■**  MMaani 


iiHiiiiilnSSSSSES'iiHnSBSSSS 

■B£!XEaiiiQii£cianininiKii|jrjnnBi«n 

lEBiiBBBUifflBUinm^sujiwBBBB&anaBBBBflisBBB 

BSawASBSSMq 

■M—MMMMmBBBB^aaBBBaflBBBBBBBBBH 

IHIIIIIIIIIIIIIssssssssesssbesssesI 

ISSEESSSSESESSS5SSEESS5SSES55SESS5SSSI 


!C3QXIi[iBiZ3D!l 


■KfHU^*BBBI^Bfl^hBBitfitflB^!fBia(BBBBBBflBBj 

|HEgLBE31CiciQriE!lHai!<3:K^IllHQEEHHiEDBilBi]I]E2nQ£JHHi 

BBPPBflBBBflBBBaBBflBBBBBaBBBBBl 

picppvaaHHaaHHaaaaHaHBHBmTflfrv 
p^uttaaBmiHHaHHHaaH^a^sisssssisS 
i^BB«flflBBBBBflBBB»ssBBBBBBBBiHB|i 
pifcMBBBBBBBBfc^flBBBBBHBBBBa 

lps=pwaBBgaaaEgaaaag!!r?!Bg?iCTffff.i3t!iig5i 

^■^■■■■HBBBH^^QcnBoiEsaiBBnsErl 

mummmmmmmmmmmmmmmmmmum 

BEggigBBgiiiiBBBBBBMaiMBa—BB 

■■■■aiBasBsasaBfll 
IElBna8SSS88S8B 
mHSKB8Ba88a8BBfl 
BaassBgaassBasBisaafi 

iriiiBiiiiiniiiiiiniiiiniiiiiiiggi 

hwsbbsbsbssbbssumIIU 

Br.apaaBBBBflflaaBHaBHaBHaaBBBBayflBaaBflBi 
■EBiligflBBflBflflBBBBflflBflBBBBBBBBBBBBBBBBBI 
MBBBBBBBBBBBBBBBBBBBBBBBBirJBB 

FBBBBB^^Btf^BiU^BBBBBBBMBSBTri^rrBTTITri 

I^BPUBBtaaBflBBBBBBBBBBBBBBBiBSESiBBBBBBBi 

PBbbbbbbbSI 

hBb.as:2sa| 

IbbbbbbbI 

Pii5riiBriiBr-*iBriBBnnBBrTiiBn^BBnnBBBi 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 
■BBflBHBBMHHNMn^^^^^^gj^^gHHBHBHBBHBBj 


WMMlMiiWMMBrnnMWMMWiilWM 

MMBiiWi— riirir-ggriirfrTmiiiiwi 

jMaidBBI  I  l—l  'I  ■■■  .-if—' IV  m  MM  il— 

HrSrt5triSSS^iSr^Srrr3^r23lSffiila»Sis 


i^p^s:Ess;^^:ss::s:::s:E^ssgs?;si 


piiilll 

■rpra 

■1-liiiHHi 


Sail 


m 

SE! 


MSS&SBBSBRSBSBBSSBBBSSSiBBSSBBgS 
!ssi5sSSSSSSSSSS"RSRSSSS3SSSSBSS*S 

flBflflRRRBBRRKSSBSSSSSSSB3B§B 

S^SBSS&RBRSSSBRBSSSSBSSSSSSSBBS^S 

EiEiEEESEEEEEEEEEEEEEEEEEEEEEESEgEESg 

HiUiU&aaaaiSKsaaaisaa 

SBS3!88SS8S3Siii£BSgS^gE!E£gg 

isbssbbsssbsssssssssrssssssss 


EEIEia£i.a 

■UUjSglMU 


SBBBBBBSSSBi 


Hiaimi 

IBrBBannaarriBBBSBBRSBBB 


nnnanaaaaaaaaK 

■HNaaaaaaaaaaai 


GadlliLiiMHIIEDI 


•ii.oooo  m 


STANDARD 


m.uwLi 


STANDARD  DAY 


Hli 


mmm  cay 


3Sdt  DAT 


RATE  OF 


MTORQIAIDNAL  DESCENT 

vr  a  1 1  •  i  n  h  ir-  ii  '  r*  /ii 


PERFORMANCE 


LOCATIOft 


PEHSjlTT 


CQNFg  SWAT  ION 


AETIffVPE 


S/N  "1005  anil.  TOQ9. 


CURVE 


Br^SSB®S^??SS?5S5S^SS?SSitti2S!55S5B 

BBU.JflBUiiflflBBJBflB^Ba&£a&UiL8BBBBaBaBBB 

BB**RRPB!™«ttirffBB^BBR*M?™BBsrrFBBBBl 

mmmmmm^mmmmmm^mmmmmmmmmmmMwammmmmm^mm 

IBBBiiPBBBBBBMBBBiigiaaBBBBBBBBBBBBBBBBB 
nr;:  JUa* 

\w^mmmmmmmmmi 

pSSPdBfliABBBUiSriS! 

CP^llIRBflflBBBflflBBBflMfliiBa^BBBBBBBBBBBB 

BBBdBtfflBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBPBBTW'B!Tffirrw,BPtfPR!PflMrPBffP?,«8BBBB 


lI^lillRI^ftiMBMi^ZI^IBIIIIinffiB 

■B^aflBBBBJBBBBBBflBBBBBBLiBBBBBBBBBB 
■KS^flMBflBBflBBBBBBBBBBBBBBBRBBBBBB 

Eb^^bbbbbbbbbbbbbbbbbbbbbbbbbbbbbE 

pBSBBBflBBBflBBflBBBBBBBBBBBBBBBBBBBB 

mmmmnmmmTTwrr}vwtt*mT*nmrrnvx7\Mmmwi 

■BPBatfBRRRflBBRflflBRBflBBBRBflBBBBBflBB 
E*r.£BBMflBflflflflBflflflBflBflBBBBBRBBBBBB 

E»R!SS^SglSS88Sa 

BBPCBBBBBBflBBBBBBRBBBBfltaBBRBBBBBBB 
BB^aBBBflflflflBflflBflflBBBflBBBBflBflBBBBBB 

taasBassnansss 

■BCB3iiflflBBBflBBflBBBBBBBBBBBBBBBBBBB 
■EaPBPBBT^BrPT!PP*rSfr:irp^BB*PR^plBBB 

pV^^BBBflBflBflBBflflflBflflflBBBflBflflBBBBBBfl] 
pi^flBBBBBBBBBBflflflflBBBflflBBBBBBflflflBB 
BB^nBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBH 
B*i£SB«BflBifl»2S’«PBSilBflBBBBBBBBflBBSBB 


B&^S-jhf  *1BBB  TIB  W  IBBr  1BBI7  TlflBf?  HBBH  HBBIT  ’ll 

RBflSRflRflBBBBBRflRBBflRBRBBBflPBBRRRBRa 

BBBBBRBflRBBRB^X^ZQZiiEl^Z'JUl^iEBBBBBBBBI 

bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbBbi 


DIR  EC-‘ 


. CONTROL  .  .'.iVLL, 


_ 

-i 

t — 

r 

n 

in 

fra! 

|| 

■ 

j| 

i 

■ 

jjfl 

t 

<f 

)L 

D. 

Ho 

IE 

-j-c 

i 

[ 

It  J 

Dll 

T 

1 

p 

1 

-i 

T~ 
i  - 

i 

i 

I 

! 

_ 

Lfli 

i 

i 

H- 

(Lj 

loH 

‘"“t! 

_ _ 

3 - 

i _ 

j. 

hQ 

1 

d 

■■■■■■■■■■■■■IliiiMiliiMMMMWBM 

gHranummMMnai8HPB!HliWlBPPPP!P»»ffi|di| 

BSliMyiKS8jMS^S8S2SE^888S88S8S 
liiu28SSSS!S8SiiS88SSB88&8S28B8SSSS88S8 
I8S88S8SS85SSSS&SS38SS88SS8S88S888S8 
8pi&38SS88SS88S8SS88SS8S8S8888888S8 
E^i88p88miii8ifiiiSS£SSS2SES888888S8 
888g8888”8S””88"””8388””B888 

mrm 

■■■■  ■ 

hi  *Hi5ii£pu 


K£HI 


■■■■■■a 
!■■■■■■■■ 


IMHHI 

!■■■■■■! 


[Tim 

mriM* 

MTI-aBr 

mimmmmmmmmmmmmmmam 


wnnaarTn 


FlQUftC  S3 

SIHULRTEO  ENGINE  FAILURE 

TAH-1R  USA  6/N  70-1* - 


CROSS 

CG 

DENSITY 

OAT 

TRIM 

TRIM 

HEIGHT 

LOCATION 

ALTITUDE 

ROTOR 

CALIBRATED 

LONG 

LRT 

SNEED 

AIRBfEEO 

(LB) 

(IN.) 

(IN.) 

(NT) 

(OEO  C) 

(Afro 

om 

9780. 

200.2  (NTT) 

.1  (AT) 

6600. 

7.6 

N«tS. 

ISO. 

NOTE:  K747  BLADES  S/N  1005  AND  1009. 


FL10HT 

CONDITION 


LEVEL  FL18HT  VH 


SOL  10 
LINE 


BMORT 


OMH 


10 

J®  ,J 

i&4  M 


0-» 


e  10 

ly  # 

N«J 

m 8 

Pws  4. 


fci 


*5  * 


IP 

■ 

■ 

■ 

■ 

* 

p 

ffl 

■ 

9 

■ 

■ 

■ 

m 

■ 

p 

P 

■P 

a 

B 

JJJ 

5 

p 

■ 

■ 

■ 

■ 

■ 

■ 

m 

■ 

■ 

B* 

s 

3 

3 

a 

■ 

■ 

■ 

■ 

i3 

■ 

m 

■ 

PP 

PP 

Mi 

■■ 

p 

■ 

■ 

■ 

■ 

■ 

■ 

•mM 

PHI 

Mi 

MM 

HP 

IP 

■ 

■ 

■ 

P 

P 

P 

P 

M 

m 

■ 

■ 

mu 

n 

Ti 

iso 


Tine 


* 


f  ■-  ;  •  liiiffiii! 

nmiiiiiiiiiiaiiiiaiiiiiiiiiiiiiiiiii>iiaaiiiaa«M>  •••-  »•  •  ••••• -a  *«<#••  >•<  .  ■»■»»«»«■»»— mumim 


_ 

1 :i :1; i  *:  si rtiSrHsr  .l;: 2 
"nirtS**!  sssrrcft  a 

"  : !  =:  3  r  s ! ; "  x::; 

gLg  ::::: :::::  r 

um  :i  *:u  nHSisb  : :  ls::::ss:r!s:H: :  a 

fJS  -j r55g i -sji 

ffrrrrjgasragrrT;  ;irsrr  r* - 

■iii^ss-ss-snS^iiJss^s^ 


ISSS 


i  •  if  *i 


lasasi 


MSB 


iaag 


a*ir^wM?nsr 


I»222S22S2»»i 

5tasjjttjg!j!SKy,aaja 


3S3«»SS 


sags 


r==£iH~n££=:-:==i:E~s£n=iriiHrH=H==ii=~='HHi 

!:ss:K::^:::uu^^:a::::r.:r.:aaa:asL 

M«nnwaMnaM>a«»'miiu»<  'v>  HiMittiHaiun 

Bssrasasss;:’':^  ijasssd 

-  - 


s  ssasss  ::n:^:n 22:22:222:2? 


iSStS 


■  mniim  a*..*....*  ......a...  mm 

■#— -—a— —■—■■— mmmmm gjj 

af  MMIMMMf  MMWWWMH 


IftMHiBUM  !!■■■■  •  *  22«  mmmmm  a « T ■  ■  .222222222232222322:  222222222:  2333323 

8giaamaBWBa»aaa8gaaaasgagg8agsaa:ggsag8ag8nB»aBi8«gBW 

■■■■■■■2222222  22222 22222  2222222222  22222 22222  22222 22222  22222 22222 2223222222  22222 22222 22222222 

£22^222  ;;:;;22«:;;2;s:22;ssss2;2;22S5S2:s22is2;s52;KS555?5SS5S5SSJS5S2Sg;’s«5a 

pia22B22222— b222222222«»b22 C222 222b.  »2222 22— 22^22  5KS2S3S  2352— bbUb322S3S  83532* 


>2  22 •••  22 222 22222 2222*  .222.  222 22  222222? 

JC  2222222222  5222 22222  2522 22222  22222S 

SggiTassasgsaaaaa 

iggSasSSsSssasa 


25S2 


■  aaaaaai 


iSi 


nil 


BiSBl 

■■i :::::::::::: 


sSS-: 


wmmmMmmmmm 


[acceCeSat 


iWH*: 


CHARAC 


ERIStrCS 


Hi 


*ID)  0M7 

1 

Hi 

mmmmv 

<>«  .  Mil* 


Yt 

m 

B 

LA 

&vg*i$ 


Jlmii 


....  - 


SSSSSSBBSSS 


i^ssl^asa^daEaiHicaKnaiBi 


■flBaHBflBBBHBaattMUtfBBWiiiiPatfitiaiiitaitiiMflflfl 

laBaaaaaaaawHPPaa^aaK^a^aaaaaaaaaaaai 


Ba^aBBBffaBBr^^HBr,TMrT,Tr^aaa 
BBBBBJBBij^J3BBti!LBilI^Kj^BBfli 

■■asssssassi^sszssssssss 


naaaaai 


IflflBBBflflflflflBflflflBBBBBI 

laaaaaassaasaaassaaa! 


IgBBBBBBBriBBBBBI 
■BBflBBBIItBBBBBBI 

RB8I”BSifBS8SS! 


lESSSSSSSSSSSESSSSS^SSr^SSSSSSSSSS! 


u 


l^B^BBBflBBflflBflBBflBBflBfl 

’■iBBBBBBBBBBBBBBBBBBBBBI 


[HBtasra 

Ssasssssisssssssssasss! 

BflflBBflflBflBBBBBBBBBBBflB 
MilflBflBBifliiBBflflflBBBBBBBBMMHMMI 

BBMr-iflflriBBriRinir^flMriBHr-iBBrTiBflrnBflBi 

■BBBBBBBBBBBBBBBBBBBBBBMBBBBBBflBBBBfll 


iBWIWiMBfMilMMIIIMIlMiWMi 

■■■■iiilaiBirTiin — r  i im  ■■■■■■■■n 

IliiSUauJi.iiUi.auJiL.iiiiKHLJ  ■■■ 


■SSSE^SEBSSSSSSSHB 

li-  1 1 1 1  ■I.mESBBUMM 

Baaa«aB!i«Biisi3M8hd 

■hh^shie^liiH 

H^lllHHIRIIIIIIIHIIIHItt 

jrjmj 

598888888888888883881 

BaaaaaaBBBBBBasrsa 
BassBBaaaaaasaiaaBa 


8^*^*88888881 


Baaaaafiaa88aaaaaaa88a 

■KiwgggS  iebmw — ■■■■■ 

8WEICiiiEI3,ll33'!!l[3ra 


mm 


888aaaaaaaaa88: 


«■■■■■] 

iffHUSBH 

!■■■■■■ 

!■■■■■■ 

HRHRHSS 


MIlillNIBailBIIIIIIIIliiHHBl 

nnnBnHHHaiRISBnKHflHHHHIlHHHKKH 


8BB8SBBBSB8B88SBBBB 

■BgnBBnBinBTTTTiniBtnigiBTlBBW 


BBBBBBiBBBiW 


1 

*~l 

CTrirrew 


ISSBIKlSK^SaHSSBSEB 


i _ 

1 

Id 

t~ 

H 

_ 

— 

— 

ISMBBSSSSBi 


B3SSSSSSSSSSSS&SSSSS&SSS&SSB8SSSBS8B 

SBBB88SB88BB8BB8SB8BS88S88B8BBBBBS 

BBSBBBBBBBBS8BB88S8B88BBBSBBBBBBBBB! 


rBHHBB 


SniiifintriiiitnKanHDiiu 


S8SSBS 


Ssstw  wHw  kjjs  w*  •*«: 


qu&Sjl 


:::::::::: :::::: 
■iiiiiiii  hi 
iBEESiS 


APPENDIX  F.  EQUIPMENT  PERFORMANCE  REPORTS 


The  following  EPR's  were  submitted  during  testing  of  the  Kaman 
IMRB. 


EPR  NO. 

DESCRIPTIVE  TITLE 

76-08-01 

Rotor  blade  shipping  containers 

76-08-02 

Main  rotor  blade/transmission 
fairing  contact  under  static 
conditions 

76-08-03 

Crack  on  tip  of  main  rotor  blade 

76-08-04 

Crack  in  main  rotor  blade  in  the 
blade-to-hub  attachment  area 

76-08-05 

Two  cracks  on  top  surface  of  main 
rotor  blade 

DISTRIBUTION 


Director  of  Defense  Research  and  Engineering  2 

Deputy  Director  of  Test  and  Evaluation,  OSD  (0AD(SSST&E) )  1 

Assistant  Secretary  of  the  Army  (R&D),  Deputy  for  Aviation  1 
Deputy  Chief  of  Staff  for  Research,  Development, 

and  Acquisition  (DAMA-WSA,  DAMA-RA,  DAflA-PPM-T)  4 

US  Army  Materiel  Development  and  Readiness  Command  DRCPM-CO, 

DRCDE-DW-A,  DRCSF-A,  DRCQA)  8 

US  Army  Aviation  Research  and  Development  Command  (DRDAV-EQ)  ]2 

US  Army  Training  and  Doctrine  Command  (ATCD-CM-C)  1 

US  Army  Materiel  Systems  Analysis  Activity  (DRXSY-CM)  2 

US  Army  Test  and  Evaluation  Command  (DRSTE-AV,  USMC  LnO)  3 

US  Army  Electronics  Command  (AMSEL-VL-D )  1 

US  Army  Forces  Command  (AFOP-AV)  1 

US  Army  Armament  Command  (SARRI-LW)  2 

US  Army  Missile  Command  (DRSMI-QT)'  1 

Director,  Research  &  Technology  Laboratories/Ames  2 

Research  &  Technology  Laboratory/Aeromechanics  2 

Research  &  Technology  Laboratory/Propulsion  2 

Research  &  Technology  Laboratory/Structures  2 

US  Army  Air  Mobility  Laboratory,  Applied  Technology  Lab  1 

Human  Engineering  Laboratory  (DRXHE-HE)  1 

US  Army  Aeromedical  Research  Laboratory  1 

US  Army  Aviation  Center  (ATZQ-D-MT)  3 

US  Army  Aviation  School  (ATZQ-AS,  ATST-CTD-DPS)  3 

US  Army  Aircraft  Development  Test  Activity  (PROV)  (STEBG-CO-T, 
STEBG-PO,  STEBG-MT)  5 

US  Army  Agency  for  Aviation  Safety  (IGAR-TA,  IGAR-Library)  2 
US  Army  Maintenance  Management  Center  (DRXMD-EA)  1 


uj  .-\ntij  1 1  aiiifv'i  jwhoi'l  cu  i 

US  Army  Logistics  Management  Center  1 
US  Army  Foreign  Science  and  Technology  Center  (AMXST-WS4)  1 
US  Military  Academy  3 
US  Marine  Corps  Development  and  Education  Command  2 
US  Naval  Air  Test  Center  1 
US  Air  Force  Aeronautical  Division  (ASD-ENFTA)  1 
US  Air  Force  Flight  Dynamics  Laboratory  (TST/Library)  1 
US  Air  Force  Flight  Test  Center  (SSD/Technical  Library,  DOEE)  3 
US  Air  Force  Electronic  Warfare  Center  (SURP)  1 
Department  of  Transportation  Library  1 
US  Army  Bell  Plant  Activity  (DAVBE-ES)  5 
AVCO  Lycoming  Division  5 
Bell  Helicopter  Textron  5 
Kaman  Aerospace  Corporation  5 
Defense  Documentation  Center  12 
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